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ABSTRACT

Savolainen, S. 2015. Effects of an 8-day field tr@ihg on body composition, serum hormone
concentrations and maximal force production in miltary conscripts, 64p. University of Jyvaskyla.
Department of Biology of Physical Activity. Sciencef Sports Coaching and Fitness Testing.

The aim of this study was to examine physiologicahsequences on 8-day strenuous military field
exercise. 26 men (20 + 1 yrs, 53,7 + 4,5ml/kg/miAig8,4 £ 7,2cm, 71,2 + 7,2kg) in the end of their
military service participated in the studyhe research data was collected in five testing(deg, pre2,
middle, post and follow-up); body composition, plogé performance and basal blood levels were
measured. The changes in body composition weraletéd with the information from total body water
measurements with deuterium dilution techique. ®ehormones analysed from the basal blood were
total testosterone and cortisol and carrier proBHBG. Bilateral isometric leg and arm extensiorcéo
were used to describe physical performance. RESULT@&al body mass decreased by 1.8+1kg
(p<0.001) during the 8-day field exercise. Fat malsolute decrease was 2.0+1kg (p<0.001) and a
relative change was -18.7£13 %. The absolute chamgetal fat percentage was -2.4+2% (p<0.001).
Maximum voluntary contraction decreased during fielel exercise in bench press and regained in the
end of the field exercise; 761+131 N (prel); 758&MN (pre2); 676+137 N (middle, p<0.001); 727+117
N (post, p<0.05) measurements. Relative change degtwre?2 and middle measurements is 11%.
Maximum voluntary contraction decreased in leg pralso and regained in the end of field exercise;
25604512 N (prel); 25924520 N (pre2); 24011584 Ndfite, p<0.01); 2499+541 N (post, p<0.01).
Relative change in maximum voluntary contractiotween pre2 and middle measurements is 7%.
Significances compared to pre2 measurement. Maxata of force development in the bench press was
24492412919 N/s (prel); 22865+13253 N/s (pre2);6885397 N/s (middle, p<0.01); 15942+7276 N/s
(post p<0.01). Maximal rate of force developmenttie leg press was 28767+8570 N/s (prel);
2511948945 N/s (pre2); 1668417404 N/s (middle, p8Q); 16720+7362 N/s (post p<0.001).
Significances compared to pre2 measurement. Thegelsain physical performance did not relate with
the energy balance. Plasma serum cortisol (from #9848nmol/L) and SHBG (from 37.1 to
41.3nmol/L) concentrations increased significarfdy%0.001) and serum total testosterone (from 24.1 t
14.9nmol/L) decreased significantly (p<0.001) ire timiddle measurements compared to pre 2
measurements. In the post measurements the con@®lnormalized on the pre2 levels. Testosterone
regained slightly from middle to post measuremer0(001) but it still differed significantly fromre 2
measurement. The SHBG concentration increased afteethe middle measurement, post and follow
measurement levels differed significantly compa@aniddle measurement (p<0.001). In testo/cortisol-
ratio there was a significant decrement in the feidieasurement compared to pre 2 measurement
(p<0.001). Testo/SHBG-ratio decreased significaintlgniddle and post measurements compared to pre 2
measurement (both p<0.001). IN CONCLUSION: High gbgl loading and sleep deprivation or lack of
rest was enough strenuous to affect the physiadbmmeance during the field exercise. Maintenance in
muscular strength may be facilitated by the enéagnce and adequate sleep.

KEY WORDS: field exercise, physical performancetasterone, cortisol, SHBG, body composition



CONTENTS

1 INTRODUCTION ...ciitiiiiieeiiiiiiiie e e et e e e e s sttt e e e e e e s nnsbaeeeeeennnnneeeeeesnnnees 5
2 EFFECTS OF PHYSICAL LOADING ON VARIOUS VARIABLES.............cc....... 7
2.1 Effects of physical loading on energy expem@itu................cooeevvivivinnnniiinnnnes 1.
2.2 Effects of physical loading on body compositian..............ccccceevveiiiieeeeeenneenen. 8.
2.3 Effects of physical loading 0n hOrMONES ....ceevvivviiiiiiiiieieeeeeeeeeeeeeees 10

2.4 Effects of physical loading on physical perfame ..............cccccccciiiiiiiieeeeeennn. 7.1
3 NEGATIVE ENERGY BALANCE AFFECTS VARIOUS VARIABLES.............. 19
3.1 Effects of negative energy balance on body @smipN..........ccccoeeeeeeeieiviiveeennnns 20
3.2 Effects of negative energy balance on hormones............cccoeeeeeeveeeeeeeeeneee, 22.
3.3 Effects of negative energy balance on phygiedormance............cccccccceieennn. 23
4 PHYSIOLOGICAL RESPONSES TO SLEEP DEPRIVATION. cuuecevvviiiiiiieennnn. 25
4.1 Effects of sleep deprivation on physical parfance ................cccccevvevvevvivnnnnnns 6..2
4.2 Effects of sleep deprivation 0N hOrMONES ccccceeeiviie i 29
5 PURPOSE OF THE STUDY ..ooitiiiiiiiiiiieie ettt sitieee e e e s s e 31
5.1 Research obJeCHVES ... 31
5.2 HYPOTNESIS ...ttt b s 32
B METHODS ...ttt e e e e e s ettt e e e e e s sttt e e nnse e e e e e e e nnnrnees 32
G YU ] ] = X S 32
6.2 STUAY ESION .. eeer ettt e e e e e e e e e ee e e e e eeeeeeeeene 33
RS ST o] {0 Lol =0 [ =S 35
(GRS 0 =ToTo | VA o0 ] 14 070 1S 11 o o P 35
6.3.2 Basal blood teStS /NOrMIONES.........commmmm i 36
6.3.3 Physical performancCe eSS .......... uuuuuumerrrmnniaiieeeeeeeeeeeeeeeeiiineennnnnnnnes 36
6.4 FIeld EXEITISE .. .ottt e e e e e e e e e e e e e e e e e e eeaaeee 37
6.4.1 Energy and water iNtake..............ceeeeeeriiiiiiiiie e 38
6.4.2 Energy expenditure and physical aCtiVity..ccc......cccovvvvveiiiiiiiiiiiiieee e, 9.3
6.5 DaAta ANAIYSIS .....cooiiiiiiiieiiie oo a e e e e e e e e e e e e aeaarae 40
6.5.1 HOrMONE AQNAIYSIS......cuvurriuniin s e s s e e e e e e e e e e eeeeeeeeesennesnnnnnnsennes 40
6.5.2 Bilateral isometric leg and arm extensioéofiMVC)........ccccoeeeeeeeeeeennn.. 40
6.5.3 Daily physical activity, energy balance ahdrges in body composition..41
6.6 Statistical @NalYSIS .........oooiiiiiiei e ———————— 42
T RESULT S oo et et e e e e e e et e e e et e e e e nnaae e et e e e e eaas 43



7.1 Daily phySiCal @CHIVITY .......cooeiiiiiitimmmmeeeeetieees et 43
7.2 Energy and fluid intake and energy balance...............cccccvvvvvivviiiiiiinnnnnnn 44
7.3 Changes in body composition and relation batvesergy balance and body

(o0 101 070 1S 11 o o PSP 45
7.4 Changes in physical performance and relatitwden energy balance and

physical PErfOrMAaNCE ........ oo 47

7.5 HOIMONES ... e e e e e e e e e s e e e e e e nnn e 50
B DISCUSSION ...ttt s sttt e e e e e sttt e e e e e e snnbb et e e e e eannneeeeeensbeeeeas 53
O CONCLUSIONS ...ttt eememe et e e e e e e e e e e e e e e e e s s rb b b e s aeeeeaesaseanannnns 58
10 ACKNOWLEDGEMENTS ...oi et et e e e et e e s et e e e eanenaees 58
11 REFERENQCES......oii ittt ettt e et e e e e s e e e e s nnnneee e e e e nnnnes 59



1 INTRODUCTION

Military training attempts to simulate the performea in wartime via operations and
field exercises. Strenuous and prolonged physicaisy must be maintained for days
or even weeks, including periods of very high egeagpenditure which often involves
carriage of heavy weights of equipment. Soldiers aiten exposed to many other
streuussors, such as sleep deprivation, energyflaitd deficiency, severe weather
conditions, extreme ambient temperature and timessure. Areas concerning in
physiology are physical performance, endurance clawsdrength, thermoregulation and
ability to concentrate. (Opstad, 1995, McCaig e8B6).

Several studies have presented prolonged physiogk without adequate rest and
sleep. Physiological consequences of the soldrewdifferent circumstances has been
studied all over the world during many decadesldresercises normally last a couple
of days, one week or even longer (Nindl et al. 20D@stad 1995, Opstad et al. 1994,
Rognum et al. 1986, Symons et al. 1988, Young.€it%88). During prolonged military

operations cardiovascular and respiratory capacitieuromuscular performance and
inadequate energy may be the limiting factors igsptal performance (Opstad, 1995).
In the real wartime situation lack of sleep is tgadnd it has been simulated in many
military studies to investigate its physiologic#feets. Sleep deprivation might have an
effect on hormonal balance and or physical perfowweaOpstad et al 1983, Haslam
1984, Martin et al. 1986, Legg et al.1987, GomeziMe et al. 2002, Abedelmalek

2013). Energy balance might be difficult to maintabecause of high energy

expenditure and lack of time to eat properly oficlifties to carry enough food.

Food is vital to keep the moral of the troop inldicombat exercises as well as
contributing to health and performance (Friedl &#Hd997). Many kinds of rations are
used during field exercises attempting to corredpotreased energy expenditure,
although nutritional requirements are hard to {iMcCaig et al. 1986.) Operational
rations must be easy to prepare and taste goodhvitelps eating both in training and
in combat. (Friedl & Hoyt 1997.)

There are many studies that have investigated trexgulation, physical performance
or energy balance in cold environment (Castellarale2003, Castellani et al. 2006).



Measured energy expenditures have been about 420(@&r day or even more during
field exercises in the winter conditions from 3tbda couple of weeks (Hoyt et al. 1991,
Castellani et al. 2003). In the summer during masctoldiers have to carry heavy loads
of ammunition long distances on foot. In the wintesst cross-country movement is on
skis or snowshoes with loads of 30-35kg on the patkle heavy loads are moved on
sledges. (McCaig et al. 1986.) Burstein et al. )3%®ncluded that energy expenditure
is primarily determined by the level of activitytmar than by the climate conditions.
They assessed the energetic status of soldierseapo intense physical activities in
summer and winter condition. Results showed energpenditure of 4281+170
kcal/day for the winter and 3937+159 kcal/day floe summer groups. Energy intake
was almost identical between two groups (in thetevigroup 2792+124 kcal/day) and a
negative energy balance of 1422+163 kcal/day an:®22 kcal/day occurred in the
winter and summer groups, respectively. The diffeeebetween the groups was not
statistically significant. (Burstein et al. 1996.)

Castellani et al. (2006) and Hoyt et al. (2006) soeed energy expenditure and energy
balance between men and women in the winter andngunconditions, respectively.
Both resulted that men had higher energy experadthan women (25.7-26.6 MJ/d and
19.8-21.9 MJ/d, respectively) but there were néed#inces between men and women in
the total energy expenditure normalized to bodysnasthe summer condition study,
weight-specific total energy expenditure was 343#Jkg/d and 354+18 kJ/kg/d
between men and women, respectively (Hoyt et &620n the winter conditions, total
energy expenditure normalized to body mass was+0.85 MJ/kg/d for men and
0.34+0.06 MJ/kg/d for women (Castellani et al. 2006 both studies physical activity
level (PAL) was almost the same between the semdsalso between the studies. In
Castellani’s et al. study (2006), men’s PAL wast8.5 and women’s 3.3+0.4 and in
Hoyt's et al. study (2006), PAL was 3.5+0.2 and#B.8 for men and women,
respectively.Physical activity level was calculated by dividitzgal energy expenditure
by the calculated basal metabolic rate (Castedaal. 2006).

The purpose of the study is to examine physioldgioasequences on 8-day strenuous
military field exercise. We study the possible dpes in physical performance - the
maximal voluntary isometric contraction and ratefafce development on the upper

and lower extremities. In addition, the energy beéa and changes in body



composition; and the anabolic and catabolic horrhs®aum testosterone, cortisol and
carrier protein SHBG concentrations) responsesh¢o8-day field exercise. We also
observed if there is a connection between changdsody composition or maximal

strength and energy balance during the field egerci

2 EFFECTS OF PHYSICAL LOADING ON VARIOUS
VARIABLES

Heart rate (HR) is traditionally used to monitodarance-type training intensity during
exercise. However, there appears to be a smaltaldgy variability in HR. (Achten et
al. 2003, Morton et al. 1990.) There are many otkBable ways to quantify training
load via subjective or objective methods for examptist-worn activity monitors or

foot pedometer (Brugniaux et al. 2008).

Physical loading is versatile on military field egises because of long workdays,
abundance of ambulatory activities, carrying helaags and moving long distances by
foot or skies (Burstein et al. 1996, Castellanalet2006, Hoyt et al. 2006, Nindl et al.
2002).

2.1 Effects of physical loading on energy expendite

The higher physical activity, the higher energyengtiture. Soldiers have high physical
loading on military field operations which increasenergy expenditure. It can be
estimated via many methods, for example by the themte method or sensor
accelerometer activity meters (Brugniaux et al. 8)0@ouble labelled water method
(Schoeller et al. 1986) or intake-balance methodrevlwith the information of energy
intake and changes in body composition (Hoyt el @81). Metabolic cost can also be
estimated from oxygen consumption or by direct adetry (Lyons et al. 2005) but
these methods require collecting expired air durihg measurement period and,



therefore, are impractical for determining the ggeequirements of military personnel

in operational environments.

In the prior studies total energy expenditure hasnbfrom 3- to 5-fold according to
different weather conditions. (Rognum et al. 198&yt et al. (1991) resulted of energy
expenditure of US Marines training in mountainazd-weather conditions also as 3-
4-fold the resting metabolic rate. Hot and cold penatures affect also energy
expenditure (Burstein et al. 1996) like individgabasal metabolic rate, age and sex
(Hoyt et al. 2006 & Castellani et al. 2006).

Lyons et al. (2005) performed an interesting protoim assess the physiological
consequences while participants walked on a trdaedt kph (1.11 m/s) for 60 min on
gradients of 0, 3, 6 and 9% whilst carrying backplaads of 0, 20 and 40 kg. During
the final 3 min of each 5-min exercise bout, indireespiratory calorimetry and heart
rate data were collected and the ‘steady-stateabwdit VO, and cardiovascular (heart
rate) demands quantified. Heart rate and oxygeakeptvere both greater on every
gradient when carring 20- or 40-kg load comparedOtkg load. The energy
expenditure per kg of load carried is equal to ¢hergy expenditure per kg of body
weight up to approximately 30 kg. The metabolic dads (% VQnay of the 0- and 20-
kg load-carriage tasks were closely associated wéthtive VQmax (ml/kg/min).
Carrying increasingly heavier loads, humans becdese efficient and the energy
expenditure per kg of load increases sharply. Tlyenk’ et al. (2005) data are
consistent with this view. This may explain why,ridg their study, the correlation
between the metabolic demand (%) of exercise and absolute YR« (ml/min)
became progressively stronger as the load incredsethe load increases and subjects
become less efficient, a high absolute M@l/min) reserve is essential for heavy load-
carriage tasks. (Lyons et al. 2005.)

2.2 Effects of physical loading on body composition

Many studies examining military endurance traingogirses include sleep deprivation
and reduced-calorie diet. In Vaananen et al (2@dgly soldiers’ physiological and



psychological loading during a 4-day march was stigated without the restriction of
amount on sleep or energy intake. The 4-day manaysshowed an average weight
reduction after each march. Daily mean decreasscale weight was 1.6kg which
indicated slight dehydration. Reduction was comptats for by the next morning. In
this study, energy intake was not restrict@aananen et al. 2001) In this study acute
changes in body mass was due to decrease in twdglWwater and depletion in muscle
glycogen.

Castellani et al. (2003) concluded that even atgkam, 3.5 d (eighty-four hours),
sustained military operation decreased body weddgbitg, % body fat 1.6% and fat free
mass by 1.8kg. Also Nindl et al. (2002) reportecapid weight loss during 72-hour
military operation. Body mass declined 2.5kg, tosalt tissue lean and fat mass
declined (P< 0.05) by 1.5kg and 1.2kg respectively. Percentytfatl decreased from
18.5+5% to 17.7£6%. A longer, 7 d, field exercisasvarranged in Hoyt's et al. study
(2006) where male cadets’ body fat reserves deede4s+15% and female cadets used
37+£10% of their fat reserves. These results waendai to Rognum et al. (1986) where
the fat reserve depletion was 50% in male cadeatsglalmost the same kind of field
exercise training. We can assume that 5% bodysfat minimum in men and 10% in
healthy young women (Hoyt et al. 2006). In thesalists, training load consisted of
normal military activities and tasks. The enduratyge loading took almost the whole
day including simultaneous strength performanced, taere was only 0-4-hours total
rest or sleep.

In the study of Schiotz et al. (1998), 22 trainedlege-age male Reserve Officers
Training Corps cadets participated in two differératining program, periodized and
constant-intensity strength training for the 10-kwesnesocycle. In both groups
supervised training included resistance trainingreise session plus aerobic running 4
days a week. Both groups consumed their normal, dietd they avoided all
supplemental exercise during the training perioflerAthe 10-week training period, the
both groups showed changes in anthropometric messtihere were decrease in body
fat percentage and increase in lean body mass.p&hedized training groups had a
significant decrease in % fat, from 11.6% to 9.984 @onstant-intensity group non-
significant from 10.4% to 9.7%. In lean body massiqulized group non-significant

1.2% increase and constant-intensity group 0.6%ease. Body mass showed non-



significant change. Within groups relative trainimplume was not significantly
different. (Schiotz et al. 1998.)

It is interesting that dehydration does not alwaygsur when total body water is
significantly decreased after prolonged militaryeexse. O’'Brien et al. (1996)
measured total body water (TBW) with® before and after an 8-day, moderately cold-
weather (1-3°C) military training exercise. Theysetved a significant decrease in
TBW over the study, which they believed was dua twticeable decrease in lean body
mass and fat mass. They concluded that body flaidnge was maintained during this
experiment despite high activity levels, signifitdody mass loss and negative energy
balance. Significant dehydration did not occur aseased by blood and urinary

parameters. (O'Brien et al. 1996.)

2.3 Effects of physical loading on hormones

Exercise is known to be a powerful stimulus for #émglocrine system. The hormonal
response to exercise is dependent on several gactouding the intensity, duration,
mode of exercise (endurance versus resistance)traming status of the subject.
(Karkoulias et al. 2008.) Moderate physical exerases not cause any changes in the
plasma levels of the catabolic hormone cortisol #iredanabolic hormone testosterone
compared with the concentrations during a conterigal. Intense physical exercise
leads to an increase in plasma cortisol and a deerm plasma testosterone compared
with controls. Prolonged exhaustive physical exsrdn men results in a decrease in
plasma testosterone even down to normal femaldsleaed there is a constant increase
in SHBG resulting in very low free testosterone aantrations. The concentrations of
several hormones are known to affect muscle pratgithesis for example testosterone,

human growth hormone and cortisol. (Adlerceutz.et1286.)

Cortisol, a glucocorticoid, is a catabolic hormo@ducocorticoids are secreted by the
adrenal cortex and released via the hypothalanigtaiy-adrenal axis in response to
physical or psychological stress and have profoeffects on almost all physiological
functions. Cortisol stimulates energy mobilizatianmany levels; first of all cortisol

10



stimulates gluconeogenesis. (Opstad 1995.) Butdtebolic effects of cortisol result in

a decrease in protein synthesis and an increasges of protein degradation. (Kraemer
et al. 1995.) Cortisol largely binds to plasma e, especially to the cortisol-binding
globulin (CBG) when released into the blood stre@Dpstad 1995.)

Testosterone is an anabolic hormone and it worksincyeasing rates of protein

synthesis and inhibiting protein degradation. Itoise of the most potent naturally
secreted androgenicanabolic hormones. (Vingrenl.eRG10.) Most testosterone is
synthesized and secreted by the Leydig cells of tdstes via the hypothalamic-
pituitary-gonadal axis. Small amounts of testosterare also derived from the ovaries,
adrenals and via conversion of other androgens.ewtber et al. 2006.)

Androstenedione and dihydroepiandrosterone aresaseeted from the testis but at a
rather low rate. Circulating androgens are predamtly bound to the transport protein
sex hormone-binding globulin (SHBG) A change in SKHBoncentrations may

influence the binding capacity of testosterone #ral magnitude of free testosterone
available for diffusion across the cell membraneirtteract with membrane-bound
steroid receptors. Like cortisol, testosterone abduibits a circadian pattern, with early
morning peaks and the lowest value in the everfidgstad et al. 1995.)

Testosterone is important for the desired adaptatio resistance exercise and training;
in fact, testosterone is considered the major ptemaf muscle growth and subsequent
increase in muscle strength in response to resistaraining in men. In general,
testosterone concentration is elevated directliofohg heavy resistance exercise in
men. Age also significantly affects circulatingtteterone concentrations. Children do
not experience an acute increase in testosteronedrbout of resistance exercise; after
puberty some acute increases in testosterone fesmatance exercise can be found in
boys but not in girls. Aging beyond 35-40 yearagsociated with a 1-3% decline per
year in circulating testosterone concentration ennand similarly, aging results in a
reduced acute testosterone response to resistaeczse in men. (Vingren et al. 2010)
Human growth hormone is also an anabolic hormonielwis secreted by the anterior
pituitary gland and many of its anabolic effect® anediated through insulin-like
growth factor 1 (IGF-1). Like testosterone, growwtirmone works by increasing protein

synthesis rates and inhibiting protein cataboli@newther et al.2006.)
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With respect to exercise, anabolic hormone testms¢eis especially important in the
growth and maintenance of skeletal muscle, boneraddblood cells. Like cortisol,
testosterone also increases linearly response #ocieg once a specific intensity
threshold is reached. But however, even low intgrimit prolonged exercise can result
in significant elevations the testosterone andsdme for cortisol. (Vaananen, 2002.)
Guglielmini et al. (1984) suggest that serum tdstose increases during physical
activities lasting up to three hours and decredsesr even below the pre-exercise
values for longer physical efforts. They determirsedum testosterone concentrations
before and after physical activities of differentration (competitive walkers, middle
distance runners, marathon runners and ultramaratboners). (Guglielmini et al.
1984.)

According to Villanueva et al. (1986) and Lungeragt (1987), endurance training
implies hypercortisolism. Some deleterious effemftgprolonged hypercortisolism are
impaired microbial killing capacity, muscle catabol, depression and anxienty.
Exercise minimum 60% of V..« may cause an increase in the secretion of cartisol
Cortisol’s release, for example, affects metabolgnattempting to help maintain blood
glucose levels during the exercise. (Brownlee, 20B&t in endurance-trained men, 24
h cortisol secretion under nonexercising conditiemsormal. (Duclos et al. 2007.)
Walker et al. (1997) resulted the circannual rhytityn of cortisol excretion in
endurance-trained male. The highest concentratddmaorning plasma cortisol were
evidenced during winter and fall compared with sgrand summer. The investigated

circadian rhythms were almost normalized afterdafs of rest (Opstad 1994).

Endurance type overtraining decreases serum testost (Fry et al. 1998). Similarly
Lucia et al. (2001) showed that during a three weektreme physical stress induced
by cycling contest results in a significant decesas serum testosterone concentration
without a significant change in body weight or gdoimophin levels. The testosterone
response varies according to length of trainingsisesand amount of volume or
intensity of exercise. It increases, decrease®mmains unaffected following an acute
resistance training or endurance type training .bidatkoulias et al. (2008) determined
the steroid hormonal responses to the marathorgmowgp of well-trained, middle aged,
non-elite athletes. They took blood samples onekvedore, immediately after the race

and one week later. Serum cortisol increased sogmifly after the race and returned to
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baseline one week later, serum testosterone decresignificantly and returned
similarly to baseline one week after the race. Kdalias et al. 2008.) Ishigaki et al.
(2005) arranged an 8-day strenuous training camgrevhthe participants ran
284.1+48.2km during the camp. Serum cortisol cotreéipn increased significantly
(p<0.001) and serum testosterone concentratioredsed significantly (p<0.01), and
the ratio of testosterone to cortisol dropped b¥p5ter training (p<0.001). (Ishigaki et
al. 2005.)

In the study of Brownlee et al. (2005), particigagave blood samples at rest and after
exercise, at 1 hour into recovery from intensivereise. Thee modes of exercise were
running, cycling, rowing all of an intensity 65-75%.max and exercise duration 60-
90minutes. Cortisol, total testosterone and frestosterone were all analysed. As a
result the Exercise Recovery samples for totabsgstone and cortisol correlation were
significant (TT vs. C, r=-0.53; p<0.05) but the tneg samples were not significant
(p>0.05) including free or total testosterone aadisol. But interestingly, a significant
positive relationship developed between cortisotl dree testosterone following
exercise (fT vs C, r=+0.21; p<0.05). This findingutd support the notion that the
observed testosterone reduction following certamm& of physical exercise could be
related to cortisol elevations in response to éxatrcise. Since testosterone and cortisol
are formed from the same precursor (in the sameadasof the reactions of adrenal
gland), they remind structurally similar. Testoster is transported to the circulation by
the SHBG and other carrier proteins; and cortissridported by the latter and cortisol
binding globulin. These two hormones might competebinding sites of the same
carrier proteins. Thus the possibility on this &8s increased concentration of cortisol
in circulation could cause some dissociation ot ftestosterone. (Brownlee, 2005.)
Exercise appears to allow for the development ghtiee relationship between cortisol
and total testosterone. But interestingly freeaststrone has an opposite relationship

with cortisol to that free total testosterone.

Some studies have reported negative relationstapseen circulating testosterone and
certain stress hormones (for example cortisol)umans. That may be the reason why
the subclinical resting testosterone levels arerofbund in some endurance-trained
males. These relationships may also relate to seerDaly et al. (2005) examined the

relationship between total and free testosteromeldeand cortisol following prolonged

13



endurance exercise in trained males. Twenty-twaierte-trained males volunteered
to run at 100% of their ventilatory threshold (Mar) a treadmill until volitional fatigue.
Blood samples were taken at pre-exercise basdlig yolitional fatigue (F0O); 30 min
(F30), 60 min (F60), and 90 min (F90) into recovenyd at 24 h post-baseline (P24 h).
Exercise induced significant changes found (P<0.66m BO to FO in total
testosterone, cortisol. Both of these hormones w8llesignificantly elevated at F30;
but at F60 only cortisol was greater than theipeetive BO values. Free testosterone
displayed no significant changes from BO at FO,,8Ghe F60 time point. At 90 min
into recovery cortisol was not significantly difégit from baseline values, but total
testosterone and free testosterone were reducedicagtly from baseline. Cortisol,
total testosterone and free testosterone at 24sh mseline were significantly lower
than their respective baseline levels. Negativatigiships existed between peak
cortisol response (at time 30min recovery) versial testosterone (at 90min recovery,
r=—0.53, P<0.05; and at 24 h post baseline, r=-0.60, P<0.01). In conclusibe,present
findings give credence to the hypothesis suggestitigkage between the low resting
testosterone found in endurance-trained runnersstneds hormones, with respect to
cortisol. (Daly et al.2005.)

Testosterone/cortisol-ratio alters either testosteror cortisol concentration changes.
This reflects well anabolic-catabolic stage. Remeal. (1985) resulted that the 21km
march elicited a significant increase (by 14%, B2Din the mean plasma SHBG level.
Concomitantly with the mean plasma testosteroneedses, the mean T/SHBG-ratio

also decreased during both control and exerciseger

Sgro et al. (2014) studied acute adaptive rolehef iypothalamic-pituitary-testicular
(HPT) axis to standardized sub-maximal endurane@cese in a laboratory setting.
They investigated the correlations between testmséeand classic adaptive hormones
variations. Twelve healthy male volunteers cycle80amin sub-maximal exercise on
cycle ergometer at individual anaerobic threshoidl @ maximal exercise until
exhaustion. Serum, cortisol, testosterone (total),(Tcalculated free (cFT) and
bioavailable (cBioT)), SHBG, and other variablesd aheir respective ratios were
evaluated before and after exercises. Blood sanwdes collected 30min, 15min and
immediately before, immediately after and at ddéf#r time points during recovery
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(+15, +30 and +60 min) for hormones assays. Oxygensumption and lactate
concentration were evaluated. As a result testmsteXTT, cFT and cBioT) acutely
increased in all volunteers after both exercisestdsterone increased in parallel to GH
after both exercises and to cortisol only after mma exercise. Differently from other
increased hormones, testosterone increases wereonedated to exercise-intensity-
related variables. The anabolic/catabolic steroad®s were higher after sub-maximal
exercise, compared to maximal. Sgro et al. (20bAtlkeided that a 30-min sub-maximal
endurance exercise acutely increased serum testoestsimilarly to maximal exercise,
but without cortisol increases. Exercise-relateddasterone peaks should be considered
adaptive phenomena, but few data on their shord kmg-term effects exist.
Investigations on the mechanisms of adaptationxeyoese in active individuals with
physiological or pathological hypo-testosteronemnia warranted. Similarly Meckel et
al. (2009) resulted that maximal exercise (4x2504mat 80% of maximal speed) was
associated with significant increase in testosierddH and testo/cortisol ratio but
insignificant effect on cortisol levels. In bothudies testo/cortisol ratio after sprint

interval exercise suggest exercise-related anahdhaptation. (Meckel et al. 2009.)

Otherwise an acute heavy resistance exercise didffect testosterone concentration in
previously fit athletes in a study by Kraemer et(2001). In Karila’s et al. (2008) study
participants did anaerobic resistance type traingagling reduced testosterone serum
concentration but the training was combined witloma deprivation and weight loss.
Blumert et al. (2007) arranged the protocol whéreytinvestigated the weightlifting
performance after 24 hours of sleep loss. Teswmsterand cortisol levels were
quantified before, immediately after and 1 hourmfthe resistance training event.
Compared to pre-exercise levels in the nonsleeprivdp conditions cortisol
concentration levels decreased immediately afterettercise and 1-hour post exercise.
Testosterone concentration remained unaltered.cieewas high intensity, moderate

volume. Also diural variations could have been olbbsd the possible increase.

Hormonal parameters have been studied in manyanyilgtudies. Gomez-Merino et al.
(2003) studied immune and hormonal changes following amittraining (three week
combat training followed by 5-day military courséds a result significantly lowered

testosterone (from 15.1+0.7 nmol/L to 9.8+0.6 nmol/reflects a general decrease in

15



steroid synthesis as a consequence of the phyaizhlpsychological strain. Changes in

body mass index, or mean plasma cortisol wereignifisant.

The purpose of Vaananen et al. (1997, 2002, 2008K)2esearch series was to describe
the physiological responses to daily repeated aorudknged exercise during a 4-day
march (the "International Four-Day Long-Distance rthd in Nijmegen, The
Netherlands in 1993 and 1994) and a 2-day crosstooski event (a 2-day Finlandia
Ski Race in Lahti, Finland in 1995Physically active army officers participated id-a
day march totaling 165-185 km while carrying 108ackpacks, (in 1993 n=6 and in
1994 n=15). Daily walking time was 7-10 hours andrage heart rate during walking
was 59% of maximum heart rate. In the skiing sttitgre were, as a subject, ten
physically active men who skied 50 km per day othlatays, duration of 3 hours, and
average heart rate during skiing was 87% of maxirheart rate.

The purposes of the protocols were to investighte resting levels and the acute
hormonal responses of serum testosterone andalcatigl other variations also. In the
skiing study, venous blood samples were obtainddréeand after skiing, and after 1
week's recovery, to determine the concentrationsestosterone and cortisol in the
blood. Testosterone was reduced by over 20% afiér days (p=0.016 and 0.002,
respectively) and cortisol increased 2.2- and @&l@-fafter the races (p<0.001).
(vaananen et al. 2004.) The marching protocols ltesun the adrenal cortex the
increased response to acute exercise, could be a&éenthe 1st day. The acute
increasing effect of a single walking session ortisol was seen only after the first day
when there was a 60% increase. The concentratitestufsterone was reduced after the
first two exercise sessions (when they were deetkay 18-22%) and a plateau was
reached after the 3rd day of walking. The acut@aese of the adrenal cortex and
pituitary-gonadal axis disappeared within 4 daysepleated prolonged walking and no
dramatic lasting changes occurred despite this mdagtay effort. (Vaananen et al. 1997
& 2002.) Responses in cortisol concentrations afteging (where cardiorespiratory
loading was higher) were greater than after magchimd responses in testosterone was

similar in both studies.

The protocols demonstrates that the pituitary-gahakis and the adrenal cortex
adapted to four days of repeated moderate 8 h mgylkiut not so well to two days of
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repeated strenuous 3 h skiing. Heavy physical sta#isrs the acute responses of both
the adrenal cortex and the hypothalamus-pituitasyitular axis. (Vaananen et al.
2004.)

In older studies, during the ranger training coursze is a 90% decrease in the plasma
levels of both free and total testosterone and diibtgstosterone. The decrease in
testicular androgens was mainly due to the phystaln since no significant effect

was found when cadets were given extra food. (Qp&tAakvaag, 1983.)

In the studies where the effects of sleep depowa@nd or physical activity on
hormonal responses are investigated the decreasecmgase in serum hormone
concentration can be explained also by diurnalati@ms which could have masked the

possible increase or decrease. (Hakkinen et aB)198

2.4 Effects of physical loading on physical perfor@ance

Physical activity and training improve the longnteresults in strength and physical
performance (Schiotz et al 1998) but in the shemat muscle strength and physical
performance might hinder. Schiotz et al. (1998p atencluded with the support of
previous studies that increase in muscular stremgtiong term is directly related to

increases in lean body mass.

The Vaananen's et al. ( 2002, 2004, 2005) resesedbs measured also the functional
strength, flexibility, and ranges of motion of dosver extremities in all protocols. And
leg measurements showed no signs of edema, desrgadkexibility, or functional
strength. As a conclusion subjects with excellambhkic fithess are able to ski at high
intensity a total of 100 km over 2 successive daywalk at moderate intensity a total
of 185 km over 4 daysvithout any major adverse effects on the musculeskie
system. These studies indicated that daily repe#&ted lasting acute but non-
competitive walk and skiing of intensity at approstely 60-90% of the maximum
heart rate is well within the physiological capalat of soldiers who are in good

physical condition with good aerobic capacity.
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The physical effects of ultra-long exercise werenitayed in fifteen Finnish soldiers

participating in an International Four-Day Long-@isce March under the field

conditions in the Netherlands. The march was 16&kmg, corresponding to a total of
200 000-250 000 steps. Participants were healthysipally active but non-athletic

army officers and cadets. The subjects carried-kglBackpack, wore army uniforms

and combat boots. The subjects had water and sificeedy available. The functional

muscle strength of the lower limb was measured dxyopming three maximal static

jumps and three maximal countermovement jumps erd#y before the first march and
within 1 hour after the last march. The marchingqeedid not affect the results gained
from maximal voluntary vertical jumps, suggestihgttthe neuromuscular performance
of the lower legs remained unchanged. Roughly edéich the energy consumption
during the marches was ~390 kcal per hour and tennheart rate level ~60% of the
maximal rate. Energy is produced aerobically as ttonsumption level, especially
through the breakdown of fatty acids. There wasenergy deficit so soldiers were

easily able to maintain their performance capadqtaéananen et al. 2001.) Similar
results were presented in earlier study from Vaéndt al. (1997) in which a smaller
group of middle-aged men walked through the sardaydmarch.

Schiotz et al. (1998) resulted that the dynamicM.-®rength for the bench press and
parallel squat increased; both groups improved 18&kich press strength pre- to post-
testing, periodized significant 8.3% and constatgnsity non-significant 5.0%.
Parallel squat 1-RM strength improved significantty periodized 9.7% and constant-
intensity 11.2%. Both groups also showed an improa@& in other physical
performance tests (sit-ups, push-ups, 2-mile ruhrack-run). In this study 22 trained
college-age male Reserve Officers Training Corpletsaparticipated in two different
training program, periodized and constant-intenstrgngth training for the 10-week
mesocycle. In both groups supervised training metl resistance training exercise
session plus aerobic running 4 days a week. Bathpg consumed their normal diet
and they avoided all supplemental exercise duringyttaining period. (Schiotz et al.
1998.)

Rissanen et al. (2005) have concluded that maximede do not change during

prolonged 12-day military operation. Rissanen e(2005) also showed an interesting
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result that even if maximal force of leg extensgis not change but the rate of force
development production decreased from the initelu®. Maybe the duration of the
military operation has been insufficient and hachiaor effect on soldiers’ maximal

neuromuscular performance. (Rissanen et al. 200&tgover, the body mass loss may

have not been enough to decrease physical perfear(&ogelholm et al. 1993).

In these studies even the acute physical perforenaas not been enough hard to impair
neuromuscular capacity significantly. Body compositchanges enough either. There
have been more studies where participants haveemfed under heavy physical

activity but not enough energy deficit.

3 NEGATIVE ENERGY BALANCE AFFECTS VARIOUS
VARIABLES

Energy expenditure of the physical activity is oalypartial amount of the total daily
energy expenditure. EE from physical activity idyoR5% of TDEE with the person
who is inactive while endurance athlete’s EE frohygical activity can be 50% of
TDEE on training days. Individual working hard lalb@an have the same percentages.
(Bouchard, Blair & Haskell 2007, 12.)

Energy balance is the commonly assessed varialoiainy studies interested in military
operations (Hoyt et al. 2006, Nindl et al. 200)tal energy expenditure (TEE) can be
measured, for example, using double labelled watdmique and daily energy intake is
assessed from detailed food records. Energy balsamlculated as a difference
between energy expenditure and energy intake.

A wide range of studies have resulted an insufficenergy intake compared with the
high energy requirements. (Burstein et al. 1996ytHa al. 2006, Nindl et al. 2002.)
Hoyt et al. (1991) measured adult male Marinesrdua strenuous 11-day cold-weather

field exercise. The subjects kept food diaries ations consumption. Hoyt et al.
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resulted daily energy intake as 3,132+165 kcal/dRggnum et al. (1986) reported an
average food energy intake of 33 MJ/d (~8000 keal giay) and it was needed to
maintain body weight. In Castellani’'s et al. (208R)dy participants went through the
short-term 3.5d sustained military operation anergy intake was approximately 1650
kcal/d. Hoyt et al. (2006) wanted to build up thegative energy balance conditions
where participants were allowed to eat only 0.2MJd (~50-460 kcal per day) which

is 1-9% of the cadet’s energy needs.

There are several kind of rations; McCaig et a898@) presented energy supply which
was predominantly by packs containing food for aerty-four-hour period. The
General Service (GS) Pack based on tinned foodarhasergy value of about 16,83MJ
(~4085kcal), whereas the Arctic Pack uses dehydifateds and has an energy value of
18,95MJ (~4599kcal) to allow for the increased ggerequirements in cold weather.
As a result of questionnaire the Arctic ration pagks favoured because the packets of
dehydrated food could easily be carried in pocketd.any et al. (1989) used ready-to-
eat meal diet and a 2000 kcal/day lightweight regio

McCaig (1986) denotes Wyant et al. (1983) studyt #raluous activity in the cold
predisposes to dehydration both because of exaessed as sweat or from the
respiratory tract, and because of reduced intale tduvoluntary dehydration or the
difficulty of obtaining water. Sometimes water slyps hindered because the lack of
running water or snow. Water is used each dayemtieparation of food and drinks. In
the winter conditions water is often intended toneofrom melted snow. Though, the
melting of snow is a time-consuming process andisinakntive in maintaining
adequate hydration. (McCaig 1986.)

3.1 Effects of negative energy balance on body coogtion

In the Castellani et al. (2006) study the partinigavere under negative energy balance
and sleep deprivation during 54 hours. Thirty mef.WMarine recruits showed total
energy expenditure 25.7 MJ/day, normalized to bodgs 0.35+0.05 MJ/day/kg. TEE
was measured using doubly labelled water{0). Energy intake was 6.0+2.0 MJ/day
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which was estimated using beverage diaries aneatolhy ration wrappers saved by
each volunteer. Carbohydrates 50+£6%, fats 37t6%ems 14+3%. Total mean energy
deficit over the FEX was -43+10.4 MJ. The clearrggedeficit conducted the body
mass loss -3.1+£0.8kg during 54 hours. Study didree¢al the actual fat free mass and
fat mass changes but the researchers used thesks rbéy calculating energy
expenditures normalized to body mass and correfeteffee mass. (Castellani et al.
2006.)

The purpose of Rognum'’s et al. study (1986) wastestigate if the performance of
subjects exposed to a period of sustained, strenesercise and sleep deprivation
could be maintained by reducing the energy deficita minimum by feeding a
carbohydrate rich diet. Rognum et al. (1986) regmben average food energy intake of
33 MJ/d, and it was a minimum needed to maintaidybe@eight. In this study, they
compared high- and low-energy diets on healthy ncaldets during prolonged heavy
exercise. Other group received a diet providingd9BlJ (over 8000kcal) and other
providing 6.30MJ (1500kcal). Both groups receiveldagic diet containing about 125g
of carbohydrates, 70g fat and 100g of protein withestimated daily energy content of
1500kcal. The high-energy group received an addati®@400kcal per person per day,
consisting of 1230g carbohydrates, 120g fat andy306tein, and a total of 4 to 5 litres
of liquid. The latter groups used nearly tastebss colourless maltodextrin to achieve
the high carbohydrate content. Both groups werewatl to drink when needed.
Participants in the low-energy group drank dailpwi4 to 5 litres of water but men in
high-energy group had no desire to drink extraitigduring the measurement period
for 107 hours, participants engaged in almost cootis simulated combat activities
with less than two hours of sleep during the enpieeiod. The mean loss of body
weight was about six times greater in the low-epaygpup (LE) than in the high-
energy group (HE). The average loss of body-faha high-energy group was 1.3kg
compared with 3.1kg in the low-energy group, sutiggshat even a high-energy group
had energy deficit. The HE group lost about 10%hefr body-fat and, while LE group
lost about 24%, the differences being statisticaiynificant. They did not assess the
daily energy expenditure but comparing body compmsichanges and energy intake

conclusions can be made about energy balance. (Roghal. 1986.)

21



Huovinen et al. (2015) investigated the effectaaf-week weight reduction on body
composition, physical performance and serum hormoh&o groups of male track and
field jumpers and sprinters had energy restrictard high protein and reduced
carbohydrate intake. High weight reduction groupWM®, n=8) and low weight
reduction group (LWR, n=7) had energy restrictioBO 7kcal/d and 300 kcal/day
respectively. As a result total body mass and fatsecreased only in HWR group by
2.2+1.0kg and 1.7+£1.6kg respectively. Fat free mdiss not change significantly.
Similarly Zachwieja’s et al. (2001) controlled ctial research resulted total body mass
loss of 1.29+0.16kg (p<0.001) after the 24-dayatietenergy restriction (750kcal/d).
The lean body mass declined for 61% of the weigs.| (Zachwieja et al. 2001.)

3.2 Effects of negative energy balance on hormones

In the versatile physiological study of U.S. ArmwarRjer Training (Nindl et al. 2007)
results show the changes for the somatotrophic dowambiomarkers after 8-week.
Testosterone was significantly lower, whereas secortisol was significantly higher
(+32%) after U.S. Ranger Training; testosteronevaiae was 17.3+4.8nmol/L and post
3.0£1.8nmol/L, cortisol pre 469+106nmol/L and pdd®2+109nmol/L. The post
circulating testosterone value was very low comparthe lower limit of normal
circulating testosterone value 10.4nmol/L. In thigdy the body mass decreased from
78.4+8.7 to 68.4+7.0kg, overall body mass decreasedl2.6%. Fat free mass
decreased from 63.946.0 to 61.3+£5.8kg, change 22064, percentage change -4+3%.
Fat mass decreased from 14.5+3.9 to 6.0+2.3kg,gehe5+2.3kg, percentage change
-141+19%. Body composition was measured by dualeggn&-ray absorptiometry.
During eight week the daily energy deficit was 1@@@l/day, except between the field
instructions during different periods. Cortisol wasrelated with losses of tissue mass
but testosterone did not correlate. They concluithed weight loss (> 13% of body
mass), IGF-I and cortisol correlate more closelthvgoft-tissue adaptations than does

testosterone during severe week monitoring per{dtind! et al. 2007.)

Guezennec et al. (1994) concluded that extra foaghtnreduce the decrement of

testosterone during a military training course. yfobempared different energy intakes
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and resulted that plasma testosterone concentratasndecreased by 50% in the low
energy diet (LC) in which participants receivedyoh800 kcal per day. The percentage
of each class of nutrient was 47% carbohydrate8p 3ipids and 18% proteins.
Testosterone concentration decreased by 20% imé#ugum energy diet group (MC) in
which subjects got 3200 kcal per day (55% carbodigd; 30% lipids and 15%
proteins). In high energy diet group (HC) energpke was 4200 kcal per day including
energy percents of 60% carbohydrates, 25% lipie%p proteins. In HC group plasma
testosterone concentration decreased 23% compheedalues measured before the

field exercise.

Karila et al. (2008) investigated the effects ofpid weight reduction. The state was an
authentic pre-competition condition and elite werst as participants. After three
weeks of weight reduction the mean weight loss &2%2.3%, mean reduction of fat
mass 16.2+6.9% and lean body mass 7.9+2.5%. Inmséegtosterone there was a
significant decrement (63+33%<@001) and in serum sex hormone binding globulin
there was a significant increment (40+21%;0001); significant dehydration was
noticed. They found a significant correlation beén reduced weight and decreased
serum testosterone concentration. Karila et al0o§2@oncluded that even a short-term
weight reduction may have a marked effect on bodynmosition, electrolyte

homeostasis and hormonal parameters.

3.3 Effects of negative energy balance on physigag¢rformance

Fogelholm et al. (1993) concluded that a 5% losbaafy mass gradually (3 weeks) or
rapidly (5 days) has been shown to result in littie no decrements in physical

performance.

Previous investigations have shown that during @serat rates greater that 50% of
maximal oxygen uptake, endurance is enhanced Wyobgdrate-rich diets, whereas
during exercise of lower intensity the compositajrthe diet is less important. Rognum
et al. (1986) pointed out the results of Waldumakt (1974) that soldiers during
simulating combat situations exceed 50% of theiximal oxygen uptake for only short
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periods. In the study of Castellani et al. (20a6gy found that despite the negative
energy balance the participants still maintainegghhenergy expenditure and physical
activity levels (PAL 3.4+0.5). Many activities wes&renuous and the recruits remained

active for approximately 20 hours per day. (Castelét al. 2006.)

Guezennec et al (1994) demonstrated how physicgébrpeance was lower in low-

energy-intake-group (1800 kcal/day) than in thenbigenergy intake groups (3,200 and
4,200 kcal/day). During a 5-day military field egise participants had 8,000-10,000
kcal daily energy expenditure, and they showed t&¥rease in cycling to exhaustion
and 7% decrease in (@ax. (Guezennec et al 1994). Nindl et al. (2007 syp that

short-term periods of energy imbalance have eqaiveffects on physical performance
but still there is not enough evidence of a mo@gmged and dramatic energy deficit

experienced in soldiers.

In the 8-week U.S. Army Ranger Training Course,rbgative energy balance induced
decrement in physical performance; maximal liftisgength using the incremental
dynamic lift decreased from 81.5+13.3kg to 65.16k@, vertical jump height from
44.1+7.4kg to 39.9+6.2cm, and explosive power oufmm 39724561 to 3119+479 W
by 20, 16 and 21% respectively. Average daily epelgficit was about 1000 kcal/d.
(Nindl et al. 2007.)

Nindl et al (2002) highlighted several studies whiltave resulted in 13-16% weight
loss in body mass over a 61-d period. Those stutéesonstrate that muscular strength
and power output were degraded after severe whight Studies involving a lesser and
short-term energy deficits have shown minimal ckasngn physical performance
(Fogelholm et al 1993). Friedl & Hoyt (1997) suggelsin their review that body mass
losses of 5-10% are necessary before any signifaeerements in performance occur.

Huovinen et al. (2015) and Zachwieja et al. (200dynd the improvement or
maintenance in weight-bearing power performancer &4-28 days of energy 750kcal
daily energy restriction. Zachwieja et al. (200&$ulted also maintained 1RM muscle

strength in leg and shoulder press.
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Similarly Fogelholm et al. (1993) studied graduadarapid weight loss effects on
performance in male athletes. Participants weresttemrs and judo athletes and they
were used to losing about 4-8% of body weight bgombination of sweating and
excessive dietary and fluid restrictions beforeanapmpetitions 5 to 15 times per year.
Because of dehydration, rapid weight loss may imparobic, anaerobic and strength
performance. A more gradual weight loss would pbbpanaintain a hydrated state
better. Present study consisted of two proceddirss,participants lost weight over a
three week by dietary restriction (gradual = GRJ daring the second procedure (rapid
= RP) the subjects were instructed to lose the sameunt of weight as in the first
procedure, but now in 2.4 days (59 hours). Phygealormance measures were done
before and after both weight loss procedures astd tecluded 1) sprint (3x30m with 4
to 5min rest), 2) vertical jumps in addition 0, &¥d 100% extra weight (3x3 jumps 30-
60s interval with 3 to 5min rest between sets) @8phénaerobic test (1-min Wingate
test). Result showed that sprint performance wasilesi during the entire study.
Vertical jump height with extra load (50% of weiyimcreased (P<0.01) after gradual
weight loss. None of the jumping height resultsngjea significantly during rapid
weight loss. The unchanged or even improved jumpgight results indicate preserved
capability of the neuromuscular system to produced. Interestingly rapid weight loss
followed by 5-h loading did not impair speed, veatijump or anaerobic performance.
Fogelholm et al. (1993) list similar studies withposite results: Houston et al. (1981)
found a decreased strength and Horswill et al. @1%nd Webster et al. (1990)
decreased anaerobic performance after rapid wisigéit

4 PHYSIOLOGICAL RESPONSES TO SLEEP DEPRIVATION

The vast majority, regardless of sex or race, préf® 8 hours of sleep per 24 hours.
Sleeping during the day is less recuperative thamd the night and continuous sleep
is more effective than several short naps eveheftotal time of naps is more. Short
naps, ten to 20 minutes, are useful when continugdesp is not possible. During

military operations adequate sleep is hard or ergossible to accomplish. Sleeping

25



the preferred 7 to 8 hours per night the week leefoilitary field exercise may help
prepare for optimal performance during military @g®n. (Giam 1997 & VanHelder
1989.) Several studies have presented prolongesdigathiywork without adequate rest
and sleep (Nindl et al. 2002, Opstad 1995, Opstaal.€1994, Rognum et al. 1986,
Symons et al. 1988, Young et al. 1998).

Researchers (Giam 1997 & VanHelder 1989) suggestiftithere is an opportunity to

obtain short periods of rest or sleep during thgidee, the effects of sleep deprivation
are minimized also in those situations when thgtlemf the night rest is shorter than
the average reported length of nocturnal sleemdunilitary service. Vaananen et al.
(2001) conclusions were based on Partinen M. Stgepabits and sleep disorders of

Finnish men before, during and after military seevarticle (1982).

4.1 Effects of sleep deprivation on physical perfonance

Sleep deprivation or partial sleep loss are commamork conditions as rotating shifts
and prolonged work hours, in sustained military rapens. Although it is well
established that sleep loss has negative effectmemtal performance, its effects on
physical performance are equivocal.” Vanhelder33d) review examines this question
from recent studies published on this problem. stieprivation of 30 to 72 hours does
not affect the aerobic or anaerobic performancealgiifty or muscle strength and
electromechanical responses of individuals. Timexioaustion, however, is decreased
by sleep deprivation, because of an increase inlimsesistance and a decrease in
glucose tolerance.

Martin et al. (1981) investigated the effect of egledeprivation on tolerance of
prolonged exercise. He arranged a heavy exerciderpmance (prolonged treadmill
walking at 80% of the VO until exhaustion) after 36 hours without sleep and
compared that after normal sleep in eight subjeét$sa result sleep loss reduced work
time by an average 11% (p<0.05) but half of theugrehowed only 5% and other half
15-40% decrement in exercise tolerance. Interdstiplgysiological variables remained
unchanged (heart rate, metabolic rate, ventilatramyh suggest that the psychological

26



effects of an acute sleep loss may contribute toedesed tolerance of prolonged heavy
exercise (Martin, 1981).

Blumert et al. (2007) arranged the protocol whéreytinvestigated the weightlifting
performance after 24 hours of sleep loss. Teswmsterand cortisol levels were
guantified before, immediately after and 1 houemathe resistance training event. 1RM

weight lifting performance did not alter after gdedeprivation.

Although it is well established that sleep loss hepative effects on mental
performance, its effects on physical performance anbiguous. Military personnel
perform missions that include sleep deprivation vesl as continual work and
underfeeding (Bradley et al. 2002). Sleep deprivatdf 30 to 72 hours does not affect
cardiovascular and respiratory responses to exeofisarying intensity, or the aerobic
and anaerobic performance capability. Muscle streagd electromechanical responses
are also not affected. Time to exhaustion, howegetiecreased by sleep deprivation.
(VanHelder et al. 1989.) Symons et al. (1988) sagteat sleep loss of up to 60 hours
will not impair the capability for physical work.h€y had 11 subjects who remained
awake for 60 hours in the experimental conditios. 8result of sleep deprivation for
maximal isometric and isokinetic muscular strengtid endurance of selected upper

and lower body muscle groups were not significaaligred. (Symons et al. 1988.)

In opposite to previous results, Legg et al (198@Y) Rognum et al. (1986) have
suggested that sleep restriction affects physiegbbpmance and neuromuscular forces.
Legg et al. (1987) monitored the physiological efifeof a military 8-day artillery field
exercise which was designed to include sustaineduaichandling of heavy artillery
shells (45kg) and also partial sleep loss. Theydaihount of sleep obtained by both
groups (experimental and control) was similar (34tdours) as were their activity
patterns and food and fluid intake. The experinlegtaup prepared, handled and
loaded artillery shells and charges, while the m@drgroup was instructed to simulate
manual materials handling. The artillery soldiesgarticipants were only able to obtain
naps accumulating to a daily average of 3.1 andhdis for the experimental and
control groups respectively. The major finding ststudy is a reduction in the upper
body mean power of the experimental group but fdhe controlsIn other hand the

isometric hand grip strength data suggest thapghsyed a significant role since both
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experimental and control groups demonstrated augtagrogressive decrement in
IRHGS during the trial, which became statisticalgnificant (p<0.05) on day three.
This may reflect a decrement in muscle fibre réorant or an alteration in motor unit
firing frequency. The decrease in mean power ity timé experimental group suggests
that there may also have been a partial depletiaupper body intramuscular energy
sources. It is very interesting that IRHGS did return to pre-trial values during the
three post-trial recovery days. But it is still timoward to suggest that because the hand
grip strength has been proven as an indicator &g muscular strength, it would be
possible that general body muscular weakness masgispdor at least three days
following by a prolonged 8-day sustained high istgn military exercise. (Legg et
al.1987.)

Rognum et al. (1986) studied a group of 24 menndua period of heavy, sustained
work lasting for 107 hours, during which time thead less than two hours sleep. Nine
men received a diet providing 33.49MJ (8000kcaf) &6 men a diet providing 6.30MJ
(1500kcal) per day. The subjects were assessebjbgtive measurements of simulated
military tasks. There were no statistically sigrafint differences between the two groups
of subjects in any measure of performance, butetlveas a significant decrement
comparing from pre and post results. And also igh-Bnergy group felt slightly more
alert than did the low-energy group, the differertmeing statistically significant
(p<0.05) on the day three. These results suggedtthie major factor influencing
performance and well-being in these experiments sk&ep deprivation rather than the
sustained physical activity or low energy intakeslalso concluded that the decline in
performance could not be prevented by giving a 4eigergy diet alone. In conclusion

we can emphasize how important even brief periddteeps are.

On the other hand, in the 1984 Haslam studied ¢nopmance of the soldiers after they
deprived of sleep on sustained operations. Paatitgoperformed two 9 days tactical
defensive exercises. On the first exercise threapg of infantry were scheduled either
0, 1.5 or 3 hours of sleep in every 24 hour follogva period with no sleep at all. On the
second exercise soldiers were scheduled for 4 lmudeep in every 24 hours for a 6
days following 3.75 days without any scheduled sldehysical fithess, performance,
and mood were assessed throughout both exercisetaril resulted that soldiers are

likely to be military ineffective after 48-72 houvgthout sleep but after that a small
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amount of recovery sleep relative to the amountost has very beneficial effects.
Results indicate that the effects of sleep lospayehological rather than physiological.
(Haslam 1984).

Kyrdlainen et al. (2007) demonstrated that 60-tsbeep deprivation does not cause any
dramatic changes in the short term neuromuscutattifons. Participants, healthy male
cadets (n=20, age 262 years, body height 1.774®,0and body mass 79.6+11.1.kQ)
were tested every evening and morning at 8:00 ckclduring 60 hours without no
sleep at all. Tests included reaction tests, balaests, goal-directed movement testing,
eye-arm coordination, tendon tap reflex test andimal isometric force production
with EMG activities of the knee extensor musclessiitts showed that the maximal
isometric force did not change (778+166 N vs.752tNj during the study. Neither
any change appeared in the rate of force producrah force-time curves compared
between the %1 and 3 evening results. Reaction time did not signifibarthange
during the period, even if in the mornings reactiimes were a bit longer than
measured in the evenings. No statically significatminges were noticed in the other
variables either. As a conclusion, people havingdgphysical condition can maintain
their vigilance and concentrate for the short tdests, at least during 60 h sleep
deprivation. In the long term performances, somaknesses in the neuromuscular

performance may appear. Kyrolainen et al. (2007)

Vaara et al. (2009) concluded that sleep deprigatGd-hour sleep restriction) causes
alterations in autonomic regulation of the heartl am thermoregulation. Heart rate
variability was measured during an active orthasti&st in the mornings and evenings
from twenty young healthy male cadets. Sleep lesslted in increased vagal outflow,
as evidenced by significantly decreased heart(R&€©.001) while high frequency and
low frequency power increased (P<0.05-0.001).

4.2 Effects of sleep deprivation on hormones

Disturbed sleep might have an effect on the noelusacretion of cortisol and GH and

sleep-wake cycle. GH and cortisol secretion arseatlorelated to the sleep-wake cycle;
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GH is released during the first period of sleep lvltortisol secretion is low but it

increases dramatically during the early morningesieg hours. These hormones not
only depend on sleep but also often secreted iporsge to physical stress.
(Abedelmalek, 2013)

In the acute effects Abedelmalek (2013) investidatee effects of partial sleep
deprivation on plasma concentrations of testostesond cortisol plus proinflammatory
cytokine during a repeated sprint exercise. Thanged exercise was 4x 250-m
treadmill run at 80% of individual’'s maximal speatd8:00am after 4,5-hour (3:00am
early awakening) and normal 8,5-h sleep duratidoo® samples were collected before,
exactly after the first and fourth sprints and 6Qmiter the exercise. They resulted that
cortisol was not affected by the partial sleep ,|dsswever testosterone was higher

(p<0.05) 60min after the exercise following parskdep deprivation.

Martin et al. (1986) deprived subjects of sleempto exercise (30min heavy and 3h
light treadmill walking) to see if this altered tlsress hormonal response to that
exercise. They concluded that sleep loss did rnietr éhe stress hormonal response

(cortisol) during subsequent exercise.

Testosterone/cortisol-ratio alters either testosteror cortisol concentration changes.
This reflects well anabolic-catabolic stage. Remeal. (1985) resulted that the 21km
march elicited a significant increase (by 14%, B2Din the mean plasma SHBG level.
Concomitantly with the mean plasma testosteroneedses, the mean T/SHBG-ratio
also decreased during both control and exercis@gefhe sleep deprivation did not
cause significant changes in the mean plasma SHBGSHBG ratio. (Remes et al

1985.) A slower decrease in testosterone happeteth \articipants was given three
hours of extra sleep each night. (Remes et al.)198% sleeping time represents the
period when the hormonal profile is the mist anelydbr example increased ratio of

growth hormone to cortisol and of testosteroneottisol (Kern et al. 1995).
Gomez-Medino et al. (2002) determined how 5-d amjittraining course after 3-wk

combat training affects serum leptine levels. Thalgo analysed -cortisol and

testosterone from blood sampl&erum testosterone decreased significantly (<0,001)
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whereas cortisol was unchanged at the end of thwseo Combination of heavy
physical activity and sleep deprivation led to gyedeficiency. But the training

program had no significant effect on mean body nvadesx.

Opstad et al. (1983) investigated the effect ogmlen the serum levels of hormones
during prolonged heavy physical strain and caldediciency. There were 19 young

men participating in a 5-day ranger training counséh a calorie consumption of 35

000-50 000 kJ per day (8 490-12 140 kcal per day), a calorie intake of about 6 000
kJ per day (1450 kcal per day). The subjects werneeall into two groups: the stress
group included eight cadets and were allowed narorgd sleep during the course,
whereas the sleep group (nine cadets) had 3 h sk@p night. As results, small but
significantly (p<0.01) higher serum levels wererfdun the sleep group compared to
the stress group for cortisol, growth hormone agstosterone. The changes found
during this investigation are similar to changesnid during previous courses. All

hormones were normal within 23 days after the drilecourse.

5 PURPOSE OF THE STUDY

The purpose of the study is to examine physioldgioasequences on 8-day strenuous
military field exercise.

5.1 Research objectives

1. To examine the effects of 8-day field exercise twysmal performance - the
maximal voluntary isometric contraction and ratefmtte development on the
upper and lower extremities.

2. To examine the energy balance and changes in bmdpasition during the 8-
day field exercise.

3. To examine the anabolic and catabolic hormonalu(eetestosterone, cortisol

and carrier protein SHBG concentrations) respotesése 8-day field exercise.
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4.

To examine, if there is a connection between latéelables and energy balance

during the field exercise.

5.2 Hypothesis

1.

Isometric leg press and bench press maximal valyntantraction results
decrease during the physically demanding field @gerunder negative energy
balance and sleep deprivation [Guezennec et @4)1®egg et al (1987), NindlI
et al. (2007), Nindl et al (2002) and Rognum e{336)].

Energy intake is less than energy expenditure dufield exercise and body
mass decreases [Castellani et al. (2003), Hoyl.g2@06) and Nindl et al.
(2002)].

There will be significant changes in hormone comeions during field

exercise — anabolic hormones will decrease andbatitehormones will increase
and possible changes will normalize until the f@llmeasurement. [Adlerceutz
et al. (1986), Ishigaki et al. (2005), Karila et @008), Karkoulias et al. (2008),
Nindl et al. (2007)].

4. Energy balance relates the physical performancédady mass changes.

6 METHODS

6.1 Subjects

31 men in the end of their military service pagated in the study during their

intensive training course. Baseline characteristi€sthe participant population are

presented in the table 1. During the measuringopgdehe number of subjects decreased

(because of flu or leg injury), and thus the dates analysed from the 26 conscripts.
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Table 1. The baseline characteristic of the participantytaion, (n=31). Maximal aerobic
capacity (VQmay is estimated from the results of 12 minutes Cowpaning test and
heart rate maximum (HR) is the highest value during the Cooper runnirsg te

Age (yr.) 20+1

VO ,max €Stimated(ml/kg/min) 53,7145
HR hax (bpm) 197 +9

Height (cm) 178,4+7,2
Body mass(kg) 71272
Fat percentage(%) 13,4+4,0
Fat free mass(kg) 61,6 +6,4
Fat mass(kg) 96+3,1
Body mass index 224+1,6

Maximal aerobic capacity was estimated from theltef 12 minutes Cooper running
test arranged before actual measuring period. Malximeart rate was also evaluated
from the same running test by using heart rate tamn(Polar S810, RS800). Baseline
characteristics in body composition data is deribgdusing a bioimpedance device
(InBody720, Biospace Co. Ltd, Soul, Korea). Statjara) was participant’s subjective
information, and the body mass index was derivechfbody mass and stature. Body
mass index is computed as follows: BMI=Body masy (kstature (rf). (McArdle et al.
p.774.)

6.2 Study design

The Master Thesis is part of the larger study cotetlin Kainuu Brigade Singnal
Battalion in December 2008. The research data wiected during the SAVOTTAOQ8’
field exercise in the Northern Finland. The famiiiation measurements were arranged
in November 2008 in the Brigade of Kainuu in Kajadrhere was no control group,
and the subject population acted as their own otstturing control period. The control
period is located in the period between prel am@ pneasurements. That time was a
stable military service time in normal situationtive brigade. After pre2 measurements
on 9" of December the participants group started theifap field exercise. Post

measurements were arranged on the next day in tmeimg after finishing the field
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exercise. Follow-up measurements were on thda in the morning after finishing the
field exercise. Prel, pre2, post and follow-up ibgstimes were all located in the
Brigade of Kainuu. The only exception was the measents during the field exercise
(middle tests) which were arranged in the normdlost building more near to the
locating field exercise region. In this situatidre tsimilar performing atmosphere was

taken into account.

The timetable (table 2) shows prel, pre2, middést @nd follow-up measuring dates.
In every testing day, body composition, physicatfggenance and basal blood levels
were measured besides on the follow-up measurewieenn no physical performance
tests were arranged. Physical performance teses nagrsuitable for the schedule in the
follow-up day. During the 8-day field exercise, tlemergy expenditure, physical
activity, energy and water intake data was collbct€he participants kept food diaries
while the source of energy consisted of food raimom the Finnish Defence Forces
survival package only. The drinking water was nfietn the snow. Physical activity
data was collected via wrist sensor acceleromettivity meters (Polar WM61,
AW200). Energy expenditure was calculated withitlfermation of energy intake and
the changes in body energy stores. The changesdy tomposition were calculated
with the information from total body water measuesns with deuterium dilution
method (Van Marken Lichtenbelt et al. 1994, DelLahgl. 1989).
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Table 2. Timetable for the measurement period SAVOTTAO8Idiexercise.

SAVOTTA 08' / Intensive training course

Tue

<>

Tue Wed

Thu

Fri

Sat

Sun

Mon

Tue

Wed

Thu

Fri

6d

1 2

3

4

5]

6

7

8

10

11

242,

9.12. | 10.12.

11.12.

2N12%

13.12.

14.12.

15.12.

16.12.

17.12.

18.12.

19.12.

TESTING TIMES

prel

pre2

middle

post

follow-up

Inbody720

Body composition,

Basal (fasting)
blood

Physical
performance tests

Energy
expenditure and
physical activity

Energy and
water intake

8-day control period

8-day field exercise

3-day follow-up

6.3 Test procedures

6.3.1 Body composition

Body mass was measured five times (prel, pre2, lmigabst, follow-up) by using a
bioimpedance device (InBody720 body compositionyames, Biospace Co. Ltd, Soul,
Korea). The measurements were performed betwee@d &i@ 7:00 a.m. after an
overnight fast. Other body composition variableat (free mass, fat mass, fat
percentage) were calculated with the informati@mifitotal body water measurement by
the deuterium dilution technique with standard ¢igua (Schoeller et al. 1986). This
technique has been used and validated in soldigmsgdsimilar multistressors (DeLany
et al. 1989, Nindl et al. 2007). One the latterrewg at 10:00 p.m., before the field

exercise, subjects were provided a baseline ummepke. After that they ingested a

Period 1

Period 2
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weighed mixture of?H,0. Participants consumed no foods or fluids aftesed
administration, during the overnight equilibratiohisotope with the body water. In the
next morning, (field exercise day 1.), subsequeimeusamples were collected from the
second and third urine voiding. And on the lastreng of the field exercise (field
exercise day 8.), the process was repeated anel saimples were collected on the next
morning after the field exercise. Total body waters calculated as th# dilution
space divided by 1.04, correcting for exchangeheft! label with nonaqueous Hof
body solids. (Tanskanen et al. 2012.) Fat free nfkgs was calculated using the
formula: total body water b$H, dilution method / 0.73. Fat mass (kg) was caledat
subtracting fat free mass (kg) from the body mags. (

6.3.2 Basal blood tests /hormones

Basal blood tests were taken on every measuring(pliad, pre2, middle, post and
follow-up) early in the morning when participanten on the fasting state. Serum
hormones analysed from the basal blood were tewibsterone, cortisol and carrier
protein SHBG (sex hormone binding globulin). Thedd samples were frozen and

stored for further analysing in the laboratory.

6.3.3 Physical performance tests

Warm-up was done in the beginning of the measuseggion with cycle ergometer.
After cycling participants were advised to do arstatretching. In the middle tests
during the 8-day field exercise, there were no ibdgges to do warm-up with cycle

ergometers and subjects did warm up with jogging@damately the same amount than
warm up with cycle ergometer in the Brigade of Kairin the pre and post measuring

tests.

Bilateral isometric leg extension force and armeasgton force, isometric maximal
voluntary contraction (IMVC) assessments were peréal using the custom-built
electromechanical dynamometers (Department of Biolof Physical Activity,

University of Jyvaskyla, Jyvaskyld, Finland.) Ihetleg press dynamometer, the
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subjects were in a sitting position and the knegleanf 107° was individually set to

each subject on the familiarization session. Adjgstt margin of the measure was
checked on the exact point on the every test dayind the performance, the arms were
kept crossed on the chest. The back and bottontchsidy on the contact with the seat
while pushing. In the bench press dynamometerethew and shoulder angles were
90° and the barbell was placed approximately alstagum. The bottom had to be on
the contact with bench press seat and the whotehégbto be on the contact with floor

while pushing.

When starting isometric leg and arm extension foneasurements, no warm-up trials
were done anymore. Participants arrived on theepleith pairs, and one seated on the
leg press device and another on the bench presseddéifter adjustments participants
were advised to perform pushing as quickly and @sipkly as they could. Total
contraction lasted from three to four seconds enguhat the maximum contraction
was a real maximum and the force level stayed estabhe subjects were verbally
encouraged to perform their real maximal efforttally three maximal contraction
recordings were done with one minute rest betweeh eontraction. After performing
three contractions, the pairs changed their tegilages. Two best contractions in the

leg press and the bench press were used for fuatiaysis.

6.4 Field exercise

SAVOTTAO08'-field exercise arranged"a6” of December in 2008 in Taivalkoski in
the northern Finland. The 8-day field exercise aaanged like war simulated intensive
training course. In the military operation soldievere exposed to sleep deprivation,
moderately low energy intake and intermittent istea physical activity during the
field exercise. Daily physical activity consisted walking, running, cross country
skiing, building overnight accommodation and inwoty all kind of war simulated

situations.

The first day, Tuesday, consisted of travelling s and preparing the first tasks,
scouting and ambush preparation after arrivingdiséict A in the evening at 6 p.m.
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The base camp was built at 12 p.m. The participskitsd approximately 3km during
the first evening and got rest 4 hours during tiheler day. The second day started at 4
a.m. by passing eight kilometres to start the pagman of the ambush. The day finished
to the 8-hour service break after skiing ten kiltmeg to the command area. On the third
morning, the conscripts company skied 16 kilometiasfirst and second checkpoints
where there was service and first-aid available 3&cond checkpoint also consisted of
4.5 hours rest. On the fourth day, Friday, passingtinued via third and fourth
checkpoint to the district B where the companyvadi at 4 p.m. after 15 skiing
kilometres. The new military tasks started on tbioa district B. Participants got rest
approximately 3 to 5 hours depending on the indialdtasks. On the fifth day,
Saturday, the military tasks interrupted on thos® warticipated in the study. The
participants transported to the Metsékyla schootate apart and perform the tests
related to the study. The tests lasted till 12 aamd the participant got back the district
B. Preparatory military tasks continued until Sundaorning 12 a.m. when the battle
started. Company skied back to the command areaaained on Monday at 3 a.m.
Transportation by skis was 8 to 10 kilometres. tbmpany moved from the command
area to the service area, where participants gsit @n the Tuesday morning, the
company was transported by buss back to the Kajganiison where the post
measurements of the study started. The participskiesd approximately 70 to 80

kilometres during the field exercise and got ré&std®35 hours totally.

6.4.1 Energy and water intake

Participants got their energy from food rationsn(i#h Defence Forces survival
package). Food ration packs included energy 424b/Kc7.87 MJ average per day. The
content was 141g from proteins, 612g from carbodgdr and 133g from fats. As
energy percentages 14% from proteins, 58% fromoteudirates and 28% from fats.
This represents cursorily the recommendations oflVdealth Organization. Water,

which they used, was melted from the snow (in tivgew time). Participants kept food

diaries during the whole field exercise and markied amount of water used for

drinking and food preparing.
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6.4.2 Energy expenditure and physical activity

Physical activity and total rest were assessedgugolar wrist attachedsensor
accelerometer activity meters (Polar WM61, AW20Qivity Watch, Polar Electro Oy,
Kempele, Finland). The function of these activitetars is based on the patented
technology and 1-dimension acceleration sensor twhaunts arm activity but filters
the error movements. This activity watch does matude any chest belt to measure
heart rate. The AW200 gives the duration of thevagtand the active time portion of
the total time. This active time is presented a&samount of time spent in four activity
zones. (Brugniaux et al. 2008.) Energy expenditues evaluated with the energy

intake and the changes in body energy stores. (etatt1999).

The participants worn Polar sensor accelerometeritganeters on their non-dominant
wrists the whole time during the 8-day field exsegifrom § of December at 8 o’clock
till 16™ of December at 20 o’clock; only exception was thiedle measurements (13
of December from 6 o’clock till 10:30 o’clock) whilthe accelerometers were checked
and controlled by the research assistants. Aldéta from starting the field exercise to
the middle of testing day was collected and theesausis done after post measurements
when the data from the middle of testing day to ¢mel of the field exercise was
collected. The time of physical activity was measlin four activity intensity zones: 1)
< 1 MET, when person is still, long period of slegpbut also single 30 seconds period
being stock-still; 2) 1 - 2 MET, sitting time , tgally person is sitting still doing light
activities, for example reading, writing, checkiagmap or eating; 3) 2 — 3.5 MET,
standing time, typically person is performing ligidtivities on standing position, on
this level person can move short periods (10-20rs#x at time); 4) >3.5 MET, activity
time when person is moving and performing contirsumotion, >30 seconds or >60

steps per minute.

As a quality assurance, the physical activity wk® dollowed up via the physical
activity diaries. In this study the physical adiyvmeans military action during the field
exercise likewise a variety of military-relevanska and skills training, and sustained
endurance exercise involving skiing and patrollangivities. During the whole field
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exercise subjects carried combat gear weighin@ef@kg inclusive of their clothes and
food rations.

6.5 Data analysis

6.5.1 Hormone analysis

For the determination of serum hormone concentratftotal testosterone, cortisol and
carrier protein SHBG (sex hormone binding globgligml! of blood was taken into
serum separator tubes and the concentrations wealysad by an immunometric
chemiluminescence method with IMMULITE 1000 AnalyzéSiemens Medical
Solutions Diagnostics, DPC, Los Angeles, CA, USA) the laboratory of the
Department of Biology of Physical Activity, Jyvasi&yinland. The sensitivities of the
assays were 0.5 nmol/L for serum testosteronen®a@l/L for SHBG and 5.5 nmol/L
for cortisol. Reliability (coefficient of variatignCV) for between-day measurements
was 8.3% for testosterone, 5.0% for SHBG and 6.@ecdrtisol. Intra-assay CV was
5.7% for testosterone, 2.4% for SHBG and 4.6% dotisol. The serum hormones were
analysed from the prel, pre2, middle, post an@¥oiineasurements all in one run. The

total hormone concentrations were adjusted witkcti@nges in plasma serum volume.

6.5.2 Bilateral isometric leg and arm extension fare (IMVC)

The leg press and bench press devices were codneittethe computer via amplifier
and D/A converter. All the force data were analya@th Signal 2.16- program. Two of
the best performances in leg or bench presses t@v@resent results fasometric

maximum voluntary contraction (g [N]), maximal rate of force development during 5 m

(RFDmax[N/s]) andaverage force during 0-500 ms [average force in S)0m
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6.5.3 Daily physical activity, energy balance and hanges in body
composition

Daily physical activity was analysed from tRelar wrist attachedensor accelerometer
activity meters (Polar WM61, AW200) by the persdrofePolar. Afterwards, data was
arranged by the researcher for further statista@lysing. Like earlier mentioned
physical activity was presented in METSs, definedrastiples of the resting metabolic
rate. One MET is equal for resting oxygen consuomptr about 250 ml/min for an
average man. Physical activity performed at 2 ME®&gquires twice the resting
metabolism, about 500 ml/min for a man, and 3 MEdsals three times rest and so on.
In more accurate classification considering boag $ expressing the MET in terms of
oxygen consumption per unit body mass: 1 MET eqBa&snl/kg/min. (McArdle et al.
2007, p.203.) In this study we used expression HTS]

Energy intake was analysed from the food diarieth Wiicro Nutrica 3.0-nutrition
calculation program. The exact food consumptiororimiation was available for the
whole 8-day period because the participants conduimad rations in different paces.
The total energy intake during the whole field ei® was divided into eight days
getting evaluated total energy intake per day [My|d[kcal/day], [kJ/day/kg] and
[kcal/day/kg]. Water consumption is also descriped day [L/day] dividing the whole
period into eight days. Food content in macronntad€proteins, carbohydrates and fats)

are described as [g/day], [g/kg/day] and Energy %.

Energy expenditure is calculated with the informatof energy intake and changes in
body composition. Energy expenditure is changebady energy stores plus energy
intake. Changes in body energy stores (changestifréde mass and fat mass) are
calculated via formulas: Changes in fat free m&sdvi) which of it is 27 % proteina
protein store (g) x 18.4 kJ and changes on fat 8§ = A fat mass (g) x 39.8 kJ.
(Hoyt et al.1999.) Body composition changedaay mass, fat free mass, fat mass and fat
percentageare described gsre and post values (kg) and absolute (kg) andepéage (%)

changes. Body mass was measured is taken with inBo@very measuring day.
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Energy balance is calculated via the daily enengyeraditure [MJ/day] and energy
intake [MJ/day]. Water balance is calculated witle information of water loss by
deuterium elimination rate, loss of metabolic wated total daily water intake [L/day].
Basal metabolic rate is calculated via form[B&R = Schofield equation 64.4*weight —
1130*height (m) + 3000 (kJ)].

6.6 Statistical analysis

Standard statistical methods were used for theulzdion of means and standard
deviations (SD). The differences between measurtsmand variables were first
assessed using a one-way analysis of variance (MYOM cases where there were
significant differences, repeated measures werelagmeg using a paired t-test. The

p<0.05 criterion was used for establishing stattiifference.

Because of there was no control group the subjepulption acted as their own
controls during control period. The control perisdocated in the period between prel
and pre2 measurements. In the statistics pre Jpen@ measurements were compared
to each other point out the reliability of the $éabontrol period and changes during the
measurement period. Possible changes in the marables were determined
comparing the changes to pre 2 measurements & there no differences between pre
1 and pre 2 measurements. Main variables were adg bomposition, hormone and
physical performance variables. Physical loaditgg@ng time, energy intake, energy
expenditure and energy balance were assistana@blesito understand the main results

in the research.

The changes in body composition were shown as aolale and relative changes
between the pre 2 and post measurements and de¢ernfi there were statistical
changes during the field exercise. The hormonelteeguthe middle, post and follow
measurements were first adjusted to plasma serdomeochanges comparing to the
pre 2 measurement and then calculating the statistinalysis. In the daily physical

activity results were divided into two periods. iBdr1l was the period from pre 2
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measuring day to middle measuring day and periaslag the period from middle
measuring day to post measuring day. In the dttiftese two periods are compared to
each other on the all activity levels (<1 MET, 12W5, 2-3,5METS and <3,5METS).
And on every periods the third and fourth activiégwel were compared to second

activity level.

7/ RESULTS

7.1 Daily physical activity

The period 1 (from pre2 to middle measurement®rrel to a total rest, probably sleep
time, < IMET lasted 233 minutes per night. Soldgting time on the 1-2MET level
was 269 minutes, standing time 2-3.5MET level 534utes, and active time over
3.5MET level 404 minutes. During period 2 (from wufiel to post measurements)
referred to a total rest < IMET lasted 303 mingtesnight. Soldiers worked on the 1-
2MET level 364 minutes probably on sitting positi&tanding time on the 2-3.5MET
level was 495 minutes, and over 3.5MET level 278utas. (Figure 1) On the period 2,
all the levels differs significantly from period Ih the period 1, there were less sleeping

and sitting time but more standing and active time.
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Time [min] 700+
600

500 +

OTotal rest / sleep
@ Active 1-2MET

@ Active 2-3.5MET|
B Active >3.5MET

400

300 +

200

100

O,

Period 1 Period 2 Whole

Figure 1. Sleep time and daily physical activity expressedMETs and minutes on each
activity level. The field exercise is divided bydwperiods (periodl is from pre to middle and
period 2 is from middle to post measurements). \Whoeans the whole 8-day field exercise.
*** s significant difference compared to ActiveMET level; +++ (used in period2)
significant difference compared to each level ongad, N=24.

7.2 Energy and fluid intake and energy balance

Participants’ total energy intake was 12.2+2.7 My/dluring 8-day field exercise.
Considering body size energy intake was 174.1+4d/6lay/kg. In macronutrients
carbohydrates intake was 398+73 g/day, in percest&g+3 E%. Considering body
size participants consumed 61 g/kg/day carbohgdratotal fat intake was 92+22
g/day, which means 1+0 g/kg/day considering bodgsrand in energy percentages fat
intake was 2913 E%. Participants got proteins 1B3g/4lay which is as percentages
17+3 E%. Considering body size protein intake &a% g/kg/day. Total water intake
was 3.41+0.5 L/day and total water loss was simil&K+0.5 L/day and water deficit
was 0.0+0.6 L/day. (Table 3.)

Energy expenditure was approximately 21.9+4.8 Md/dhe total energy intake
12.2+2.7 MJ/day, and thus the energy balance was5® MJ/day. Basal metabolic
rate was 7334.4+456.1 kJ/day. Physical activitelauring field exercise was 3.0+0.7.
(Table 4.)
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Table 3. Total energy, carbohydrates, fat, protein andifintake, average per day divided by
eight days (pre-post), N=26.

Total energy intake

(MJ/day) 122+2,7
(kJ/day/kg) 174,1 +40,5
Total carbohydrates intake

(g/day) 38973
(g/kg/day) 6+1
Energy% 54 +3
Total fat intake

(9/day) 92 +22
(9/kglday)

Energy% 29+3
Total protein intake

(g/day) 123 + 46
(g/kg/day) 2+1
Energy% 17+3
Total water intake (L/day) 3405
Total water loss(L/day) 34105
Water deficit (L/day) 0,0+0,6

Table 4. Physical activity level (PAL), Basal metabolicedBMR), total energy expenditure
(calculated from changes in energy stores plusggnetake), energy intake from food diaries
and energy balance. [BMR = Schofield equation ®edght — 1130*height (m) + 3000 (kJ)].
Energy balance = TEE — TEI. N=26.

Physical activity leve, PAL 3,007
Basal metabolic rate, BMR (kJ/day) 7334,4 £ 456,1
Total energy expenditure (MJ/day) 21,948
Total energy intake (MJ/day) 122+2,7
Energy balance¢ (MJ/day) -9,7+5,0

7.3 Changes in body composition and relation betwaesnergy balance
and body composition

Total body mass decreased by 1.8+1kg (p<0.001)ndutie 8-day field exercise; a
relative change was -2.6+x1%. Participants’ fat fr@ass slightly increased, but
statistically not significantly; absolute changesw@.1+1kg and percentage change
0.2+2%. Fat mass absolute decrease was 2.0x1kg0(@KC0and a relative change was -
18.7£13 %. The absolute change in total fat peeggnivas -2.4+2% (p<0.001) and a
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relative change was -16.5+13%. Table 5 shows aleogmd post values of each
measured variable. Figure 2 describes absolutegelsan fat%, fat mass, fat free mass

and body mass in pre-post condition.

Table 5.Body mass, fat free mass, fat mass and fat pegemptad and post values and absolute

and percentage changes, N=26.

Body mass(kg) Fat free masgkg) Fat mass(kg) Fat percentage(%)
pre 71,47 60,2+6 112+3 156 +4
post 69,6 + 7 *** 60,3+6 9,2 + 3 *** 13,2 £ 4 ***
change,absolut¢ -1,8 +1 0,11 2,01 24+2
change (%) -26+1 02+2 -18,7 + 13 -16,5+13

i Fat percentage(%)

Fat mass(kg)

Fat free mass(kg)

} Body mass(kg)

\ \ \

-4,5 40  -35 -3,0 -2,5 20 a5 1,0 -05 0,0
[kg] and [%]

Figure 2. Absolute changes in fat % [%)], fat mass, fat freess and body mass [kg] during the
8-day field exercise (pre-post), N=26.

The whole participant group was divided into th#bgroups along with energy
balance — low (n=9), mid (n=9) and high (n=8) egdrglance groups. Energy balance
in group 2 differs significantly compared to groip(p<0.001), and group 3 differs
significantly compared to group 1 (p<0.001) andugr@® (p<0.001). The changes in
body mass are not related with the energy balame@y group but changes in fat mass
are related with the energy balance. Fat mass elsamggroup 2 differs significantly
FM changes in group 1 (p<0.001) and FM changesraupm 3 differs significantly
compared to groups 1 and 2 (p<0.001).
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7.4 Changes in physical performance and relation lbeeen energy
balance and physical performance

Isometric maximum voluntary contraction in benclegy was 761+131 N in prel
measurements and 758+127 N in pre2 measurementssigiuficant differences

between prel and pre2 measurements were observdtie Imiddle measurements,
MCV was 676137 N which differs significantly froprel (p<0.001), pre2 (p<0.001)
and post (p<0.001) measurements. After the 8-ddg éxercise MCV was 727+117 N
in post measurements which differs significantynirprel (p<0.05) and pre2 (p<0.05)
measurements. Maximum voluntary contraction deectasiring the field exercise and

relative change between pre2 and middle measursnsebi%. (Figure 3.)

Fmax [N] 1000 -
Hit +
900 4+ M
*k*k
800
700 -
600
500
400
300 -
200 - prel middle
100 -

0

bench press

Figure 3. Isometric maximum voluntary contraction in benckgs in prel, pre2, middle and
post measurements. *, *** significant differencengmared to PRE1-measurement (p<0.05,
<0.001 respectively); +, +++ significant differencempared to PRE2-measurement; ###

significant difference compared to POST-measureni+i26.

Isometric maximum voluntary contraction in leg mreswas in 2560+512 N prel
measurements and 2592+520 N in pre2 measurememwtssigwificant differences
between prel and pre2 measurements were observdtie Imiddle measurements,
MCV was 24011584 N which differs significantly fromprel (p<0.05) and pre2
(p<0.01) measurements but not from the post meamne After the 8-day field
exercise MCV was 24991541 N in post measuremenishadiffers from pre2 (p<0.01)
measurement. Relative change in maximum voluntantraction between pre2 and

middle measurements is 7%. (Figure 4.)
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leg press

Figure 4. Isometric maximum voluntary contraction in leg ggen prel, pre2, middle and post
measurements. *significant difference comparedR& Rmeasurement (p<0.05); ++ significant

difference compared to PRE2-measurement, N=26.

When observing maximal rate of force developmeri§R,) in bench press, we can
see that RFR.x was 24492+12919 N/s in prel measurement and 2283258 N/s in
pre2 measurement. No significant differences betweel and pre2 measurements
were observed. In the middle measurements maxinaienaf force development was
15564+7397 N/s, which differed significantly fromefp (p<0.001) and pre2 (p<0.01)
measurements. In the post measurements,,Riias 1594217276 N/s, which differed

significantly from prel (p<0.001) and pre2 (p<0.@igasurements.

Maximal rate of force development in the leg press 28767+8570 N/s on measuring
day prel and 25119+8945 N/s in pre2. No significhfierences between prel and pre2
measurements were observed. In the middle measotenneaximal rate of force
development in leg press was 16684+7404 N/s, whiah significant difference from
prel (p<0.001) and pre2 (p<0.001) measurementthdmpost measurements RELR
leg press was 16720+£7362 N/s, which was signiflgatifferent to prel (p<0.001) and
pre2 (p<0.001) measurements. (Figure 5.)
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RFDmax [N/S] 40000+
35000
30000
25000
20000+
15000+

10000+

50004 pre2 [l post )=yl middle el

bench press leg press

Figure 5. Maximal rate of force development in bench prési)(and leg press (right) in prel,

pre2, middle and post measurements. *** s sigaific difference compared to PRE1-
measurement (p<0.001); ++, +++ significant differencompared to PRE2-measurement
(p<0.01, <0.001 respectively). N=26.

Figure 6 shows an average force production in bepodss during 0-500ms.

Performance in the middle measurement differed filoenother measurements. During
the first 100ms there was no significant differenoedifferent measurement days.
During 100-200ms the middle measurements differgaifgcantly from pre2 (p<0.05)

and post (p<0.05) measurements. During 200-300msnildle measurements differed
more significantly, compared to prel (p<0.01), pi@Z0.001) and post (p<0.01)
measurements. During 300-400ms the middle measutedifeered compared to prel,
pre2 and post, all with the significance (p<0.0@hy the same situation during 400-
500ms (figure 6). There were no significant changean average force production in

leg press.

49



—— prel
.e.m--- pre2
— —_middle
FN] — =~ — post

7507

6501

550+

4507

350+

//
V4

\ \ \ ‘ \ time [ms]
0-100 100-200 200-300 300-400 400-500

Figure 6. Average force in bench press during 0-500 ms aryewmeasuring day, **, ***
significant difference compared to PRE1-measurenfeqd.01, <0.001 respectively); +, +++
significant difference compared to PRE2-measurerfpesQ.05, <0.001 respectively); #, ##, ###
significant difference compared to POST-measureniexd.05, <0.01, <0.001 respectively).
N=26.

The same relations than between energy balanceramgjes in body mass and fat mass
were assessed between the energy balance andgipaiformance. The same groups
divided into three subgroups with low, mid and higmergy balance differed
significantly to each other but the changes in iswim maximal voluntary contraction
(nor bench press neither leg press) were not celatth the energy balance, but there

was a trend.

7.5 Hormones

During the control period the hormonal responsesewanchanged. The hormone
concentrations in pre 2 measurement did not ddtenpared to pre 1 measurement in
any variables; (470 and 498nmol/L, 21.7 and 21.1AmM@8.4 and 37.1nmol/L,

cortisol, testosterone, SHBG respectively). In tloemone concentrations, adjusted to
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plasma serum volume changes and compared to prea@urements, there was strong
significant changes (p<0.001) in all hormone vdaahin the middle measurements;
cortisol increased significantly (648nmol/L), testerone decreased significantly
(14.9nmol/L) and SHBG increased significantly (4®l/L). In the post

measurements the cortisol was normalized on the |pxels (481nmol/L) but increased
slightly but not significantly in the follow meamments (512nmol/L). Testosterone
regained slightly from middle to post measurememissement was significant but it

still differed significantly from pre 2 measureme(8.2nmol/L). In the follow

measurement the concentration was 22.1nmol/L ancst regained to the pre 2 level
and it differed significantly to post measuremertte SHBG concentration increased
more after the middle measurement, post and foliloeasurement levels differed

significantly compared to middle measurement (p&D)O(Figure 7.)

In testo/cortisol-ratio there was a significant @sent in the middle measurement
compared to pre 2 measurement (p<0.001) and ieribeof the field exercise the T/C-
ratio increased to the post measurement and reja@ven more to the follow
measurement; compared to middle measurement disagidifference on both, post
and follow measurement (p<0.001). Testo/SHBG-radecreased significantly in
middle and post measurements compared to pre 2umesasnt (both p<0.001), the
ratio was lower in the post measurement comparenhitile measurement but not
significantly. In follow measurement testo/SHBGiancreased slightly compared to
post measurement (p<0.001) but it did not diffegngicantly compared to middle

measurement. (Figure 8.)
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Figure 7. Testosterone & SHBG consentration on the left y-agiand cortisol on the right y-
axis. **, *** gjgnificant difference compared to PREZ2-msurement (p<0.01, <0.001
respectively); +++ significant difference comparedMIDDLE-measurement (p<0.001); ##,
### significant difference compared to POST-measarg (p<0.01 & 0.001). N=25.
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Figure 8. TES/COR-ratio on the left y-axis and TES/SHBGeatn the right y-axis.
***gignificant difference compared to PRE2-measuestn (p<0.001); +++ significant
difference compared to MIDDLE-measurement (p<0.08%§# significant difference compared
to POST-measurement (p<0.01 & 0.001). (N=25).
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8 DISCUSSION

The main findings of the present study were sigaiit decrement of bilateral
maximum isometric strength both in upper (p<0.0819 lower (p<0.01) extremities in
the middle measurements during the field exerdi$eand 7% percentage decrement in
bench press and leg press respectively makes débidt rmeaningful. The maximal
bench press decreased significantly more but oottier hand regained more (p<0.001)
also to the post measurements in the end of fieddcese. Regaining was not significant
in leg press in post measurement. The maximalafaterce development in upper and
lower extremities decreased also significantly mlyirihe field exercise and it did not
regain till post measurements in neither bench spresr leg press. The body
composition changed during the eight days; bodysmasd fat mass decreased
significantly (p<0.001, 1.8+1kg and 2.0+1kg respeasty) but lean body mass remained
unaltered (slight insignificant decrease). In plasserum hormones happened changes
also; serum cortisol and SHBG concentrations irsgdasignificantly (p<0.001) and
serum total testosterone decreased significan#®.(d91) in the middle measurements
compared to pre 2 measurements. In the post measnote the cortisol was normalized
on the pre2 levels but it increased slightly (nagnsgicantly) in the follow
measurements. Testosterone regained slightly froiddlen to post measurement
(p<0.001) but it still differed significantly fromre 2 measurement and it also regained
from post to follow measurement (p<0.001) to thee & levels. The SHBG
concentration increased more after the middle nreasent, post and follow

measurement levels differed significantly comparcechiddle measurement (p<0.001).

In the discussion about the reliability of the noett and results we can speculate that
dehydration may affect the body composition resuttsh the InBody720-device. In our
study between pre — post measurements total botsr wiad not show any significant
changes. Energy balance is calculated via the daigrgy expenditure and energy
intake. Energy intake was analysed from the foaaries with Micro Nutrica 3.0-
nutrition calculation program. Analysing must benddy only one person because of
the possible subjective point of view. Energy expeme was evaluated with the energy
intake and the changes in body energy stores seliaility on the energy expenditure
depends on the validity of those variables. Daitygical activity data was analysed
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from the Polar wrist attachedensor accelerometer activity meters by the peedoof
Polar. Accelerometers were reliable to describepthsical loading but were unable to
describe the amount of sleep, only the amount @il t@st was found. Possible load-
carriage was not also found via the accelerométearning effect in leg press and
bench press was minimized arranging the pilot 1smeanent before the actual pre 1
and pre 2 measurements. The control period betweefh and pre 2 measurements was
valid, no significant changes within variables betw those time points. For the serum
hormone concentrations the blood samples were taktdre same time in the mornings
and the samples were frozen and stored for furtralysing in the laboratory.
Additionally, the hormones were analysed from thhen@asurements all in one run. The
total hormone concentrations were adjusted withcti@nges in plasma serum volume.

So we can speculate the strong reliability of therfone concentrations.

An individual can maintain high physical activitgviel and good level of physical

performance when she or he has stable energy leatanconsuming enough food and
nutrients. Many military personnel often fail to tcia energy intake and energy
demands during field training for many reasons. gy almost 20 hours per day there
is little time to eat. Many military training scem@s intentionally restrict energy intake
to simulate conditions during combat. (Castellanale 2006.) Our study also showed
that participants involved with negative energyabak while PAL was 3.0. Energy
expenditure was 21.9+4.8MJ/day and energy intak@+P27/MJ/day when calculated

energy balance was -9.7+5.0MJ/day. In many milistodies total energy expenditure
has been very high 25-27 MJ/day and participant® iveorked on very high levels,

PAL 3.4+0.5 (Castellani et al. 2006; Gomez-Medihale2002).

Negative energy balance, in our study, conductedctianges in body composition.
Body mass decreased 1.8+1kg, fat mass decreasetkg.and fat percentage -2.4+2%
in the end of 8-day field exercise. Many militatydies in field training conditions

have showed similar results as these in body comnposfter long or short periods of
negative energy balance (Nindl et al. 2007; Hoyale2006; Castellani et al. 2006 &
Nindl et al. 2002).

Significant dehydration which can be seen by bleod urinary parameterdo not

always occur even if total body water decrease8i(i@n et al. 1996). O'Brien et al.
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(1996) showed that the body mass, fat mass anidotmdy water significantly decreased
but still the participants had a good hydrationestahich was seen by blood and urinary
parameters. In our study water deficit was 0.0+OaBien total water intake and total

water loss was both 3.4+0.5L.

Body composition changes also have an effect orsd¢inem hormonal changes. Karila
et al. (2008) found a significant correlation betwereduced weight and decreased
serum testosterone concentration. They concluded #¢ven a short-term weight
reduction may have a marked effect on body comipositlectrolyte homeostasis and
hormonal parameters. When the body mass decreamadlyr serum cortisol
concentration may increase (Nindl et al. 2007). Whedy mass or body fat mass
decrease the total testosterone concentration mergase (Nindl et al. 2007; Karila et
al. 2008).

In some earlier studies the increase in glucoamdgduring the field exercises is due to
a combination physical exercise and energy defigieThe decrease in testicular
androgens might be mainly due to the physical rstsamce no significant effect was
found when cadets were given extra food. (Opstalag&vaag, 1983, Adlerceutz et al.
1986.) Guezennec et al. (1994) also concluded é¢éta food might reduce the
decrement of testosterone during a military tragntourse. Earlier studies have shown
that endurance type training affects serum hormapecentrations, decreasing
testosterone and increasing cortisol (Brownlee 5208@ananen, 2002; Fry et al. 1998;
Lucia et al. 2001; Brownlee et al. 2005). In ouudst the participants were also
influenced under caloric deprivation and weight slosonetheless subjects also

influenced more endurance type of training durlmgfield exercise.

Sleep deprivation may not have an effect on hormomecentrations. Abedelmalek
(2013) and Martin et al. (1986) concluded that sléess did not alter the stress
hormonal response (cortisol) during subsequentceseerRemes et al (1985) resulted
that the sleep deprivation did not cause signiticdranges in the mean plasma SHBG
or T/SHBG ratio. A slower decrease in testosterbappened when participants was
given three hours of extra sleep each night. (Reshes 1985). Gomez-Medino et al.

(2002) determined significantly decreased testomsterduring 5-d military training
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exercise but during the field exercise participamtse also under energy restriction and
physical strain.

However sleep deprivation might be the part of de@ant in physical performance.
Legg et al. (1987) and Rognum et al. (1986) redultat the major factor influencing
performance and well-being in these experiments sk&ep deprivation rather than the
sustained physical activity. It is also concludidttthe decline in performance could
not be prevented by giving a high-energy diet aldneconclusion we can emphasize
how important even brief periods of sleeps ardl &iimerous studies have shown no
effects on physical performance. Sleep deprivatb30 to 72 hours does not affect
muscle strength or electromechanical responsestirnat to exhaustion according to
VanHelder et al. (1989). Sleep deprivation mightehan effect on the arousal stage and
responding in muscle activation which result thecrdment in rate of force
development. Whereas Blumert et al. (2007) resultieat 1RM weight lifting
performance did not alter after sleep deprivatiSgmons et al. (1988) suggest that
sleep loss of up to 60 hours will not impair thealaility for physical work because
maximal isometric and isokinetic muscular strengtid endurance of selected upper
and lower body muscle groups were not significaattgred. Haslam (1984) concluded
that the effects of sleep loss are psychologidhlerathan physiological. Many authors
speculate that the possible decrease in performamgbt be due to a decrease in

arousal and diminished motivation.

Physical loading itself may not influence a lotpioysical performance even if it is not
enough stressful.Rissanen et al. (2005) have resulted that maxiroeief of leg

extensors do not change during prolonged 12-daitamyil operation. Rate of force
development decreased. Vaananen et al. (2001 &)1883 showed no significant
changes in the functional muscle strength of theeldimb during ultra-long exercise
(165km march, ~250 000 steps, 10-kg backpack, watemergy freely available). We
must still speculate that prolonged endurance tygde training may reduce

neuromuscular function and this could have an eff@cphysical performance in our
measurements. Maximal voluntary contraction andimalkrate of force development
hindered between the period 1. Maximum strengthiregl slightly but maximal rate of

force development remained at the end of periothis hindered level of maximal rate
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of force development still in the post measuremaght be due to high physical
loading and sleep deprivation.

Even if earlier studies concluded that sleep dapiown has a minimal effect on physical
performance, we have to emphasize the synergyl &édcbrs during the field exercise.
We have to be careful in speculating because waoti&now the exact amount of sleep
during the field exercise — we only know the amoaohttotal rest which was 233

minutes and 303 minutes during the period 1 anghéhni®d 2, respectively.

In the study of Nindl et al. (2007), body compasitichanges affected the serum
hormone changes and those together affected ichheges in physical performance.
These results support also our study where theltseshowed body composition
changes and serum hormonal changes and physidatmpance decrement. Friedl &
Hoyt (1997) suggested in their review that body snkxsses of at least 5-10% are
necessary before any significant decrements inopegnce occur. In our study the
percentage change in body mass was only -2.6+x1%glthe field exercise. In other

words only body mass decrement did not affect thedred physical performance.

In our study the significantly hindered testo/amotiratio and testo/SHBG-ratio in
middle measurement support the hypothesis thatigaiyieading and sleep deprivation
or lack of rest was enough strenuous to affect tdleqhysical performance during the
field exercise. The isometric voluntary contractiovas lowered in the middle
measurements in bench press and leg press. lmetgstesto/cortisol-ratio was not
anymore significantly hindered level in the postfolfow measurements and neither
were maximal strength in bench press. In leg presgas still lowered. The lower
extremities were maybe under more exhaustive lgathan upper extremities during

the field exercise because of skiing.
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9 CONCLUSIONS

It is difficult to point how much the different eapures have impact on the findings.
The participants worked eight days under sleepidaprn and negative energy balance
and they were highly physically active. All of teedactors influence on body
composition, serum hormones and physical performa@ong or apart. Negative
energy balance and changes in body mass affeatsohat parameters. That influenced
the body composition changes which affected orsémeam hormonal changes and those
together had an effect on physical performance gémnEven if in our findings
negative energy balance did not straight correlatephysical performance. The
endurance type physical loading might also havetrang effect on physical
performance in the results. Nonetheless the phyam#avity during the field exercise
was not so high than in the other studies, 3.0useBsb.

Muscular strength is an essential component fan@tmilitary performance. For that

reason optimal situation would be to keep the mlas@irength on the good level also
during the war simulated field exercises. Mainte®ain muscular strength may be
facilitated by the energy balance and adequateunuatt sleep or several short naps

during the day during prolonged field exercise.
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